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1. INTRODUCTION 

1.1 BACKGROUND 

This Basis of Design document describes the technical approach developed by Weston Solutions, 

Inc. (WESTON®) and its design subcontractor Woodlot Alternatives, Inc. (Woodlot) to complete 

the design for Phase 2 of construction of the 1.5-Mile Reach Removal Action for the General 

Electric Company (GE)/Housatonic River Site in Pittsfield, Massachusetts. The Basis of Design 

document describes the engineering analysis and decision-making conducted to develop the 

proposed construction activities, and provides appropriate background, context, and explanation for 

the drawings and specifications intended to guide the Phase 2 construction activities. This Basis of 

Design also serves as a reference for future design activities to be conducted in support of the 1.5-

Mile Reach Removal Action. This work is being performed under Contract No. DACW33-00-D-

0006, Task Order No. 5, for the U.S. Army Corps of Engineers, New England District (CENAE). 

The GE/Housatonic River Site consists of the GE facility, Silver Lake, Allendale School, former 

oxbows, the Upper ½-Mile Reach, the 1.5-Mile Reach, and the remainder of river between the 

confluence of the East and West Branches down to the Connecticut border and beyond. On May 

26, 1998, due to high levels of polychlorinated biphenyls (PCBs) and the presence of other 

hazardous substances in the riverbanks and sediment, the U.S. Environmental Protection Agency 

(EPA) issued a Combined Action and Engineering Evaluation/Cost Analysis (EE/CA) Approval 

Memorandum documenting the need for a removal action in both the Upper ½-Mile Reach and 

the 1.5-Mile Reach (the “Combined Action and EE/CA Approval Memo”) (EPA 1998, 00-0158).  

The Upper ½-Mile Reach consists of an approximate ½-mile section of the East Branch of the 

Housatonic River and its riverbanks from Newell Street to Lyman Street. The 1.5-Mile Reach 

consists of the following sections of the East Branch of the Housatonic River: Lyman Street to 

Elm Street (0.5 mile), Elm Street to Dawes Avenue (approximately 0.4 mile), and Dawes 

Avenue to the confluence of the East and West Branches (approximately 0.6 mile).  

The Combined Action and EE/CA Approval Memo specified certain source control actions and 

riverbank and riverbed excavation in the Upper ½-Mile Reach. The Combined Action and 
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EE/CA Approval Memo also authorized EPA to conduct an EE/CA to determine the appropriate 

removal action activities for the 1.5-Mile Reach. 

Based on the Consent Decree (the CD) (United States of America, et al. vs. General Electric 

Company, 1999, 00-0388, 00-0389, 00-0390) lodged in Federal District Court on October 7, 

1999, and entered in District Court in October 2000, GE is responsible for the cleanup of the GE 

facility, Silver Lake, Allendale School, the former oxbows, and the Upper ½-Mile Reach. The 

Consent Decree also specifies that EPA and GE will jointly finance, and EPA will perform, the 

required removal action activities for the sediment and riverbanks in the 1.5-Mile Reach. GE is 

responsible for conducting removal actions on the non-bank portions of the 1.5-Mile Reach. The 

Housatonic River downstream of the confluence of the East and West Branches (the “Rest of 

River”) is subject to additional studies and there is a decision-making process spelled out in the 

Consent Decree with regard to potential remediation.  

In the Combined Action and EE/CA Approval Memorandum, EPA demonstrated, through 

evaluation of human health and ecological risks posed by the Upper ½-Mile Reach and 1.5-Mile 

Reach, that actual or threatened releases of hazardous substances may present an imminent and 

substantial danger to public health or welfare or to the environment. High levels of PCBs were 

detected in surficial sediments, bank soils, and floodplain samples throughout the subject area. 

The concentrations of PCBs exceed cleanup levels considered protective of human health, 

including the 1 part per million (ppm) preliminary remediation goal for residential areas 

specified in EPA OSWER Directive 9355.4-01; EPA PCB Spill Cleanup Policy, 40 CFR Part 

761 (10 ppm in residential areas—if capped, 25 ppm in industrial areas); and the Massachusetts 

Department of Environmental Protection (MDEP) default (Method 1) cleanup standard for 

residential and industrial soils of 2 ppm. In addition, the Upper Reach – Housatonic River 

Ecological Risk Assessment (WESTON 1998, 99-0085) identified numerous exceedances of 

ambient water quality criteria and various sediment benchmarks and guidelines.  

In accordance with EPA guidance (Guidance on Conducting Non-Time-Critical Removal Actions 

Under CERCLA, 1993, 99-0012), the Combined Action and EE/CA Approval Memorandum 

required the completion of an EE/CA to evaluate remediation alternatives for the 1.5-Mile 

Reach. The Final EE/CA Report (WESTON 2000, 07-0030), exclusive of the preferred 
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alternative, was issued on February 11, 2000, to solicit public input. In July 2000, EPA 

completed the EE/CA and issued a proposed plan (WESTON, 07-0033) detailing EPA’s 

preferred alternative. A formal public comment period was held from July 17, 2000, until the end 

of August 2000. Concurrent to the public comment period, EPA performed additional 

investigations in the 1.5-Mile Reach and summarized these results in an October 4, 2000 EE/CA 

Report Addendum (WESTON, 07-0058).  

Based on the public comments, the EE/CA and the EE/CA Addendum, EPA issued an Action 

Memorandum for the 1.5-Mile Reach on November 21, 2000 (07-0036). The Action 

Memorandum stated that the removal action will consist of the excavation and disposal of 

approximately 95,000 cubic yards (cy) of contaminated bank soil and sediment. The excavated 

areas will be backfilled with clean material. Disposal will consist of the consolidation of 50,000 

cy of contaminated soil and sediment at the GE On-Plant Consolidation Areas (OPCAs) with off-

site disposal of the excess material. 

1.2 REMOVAL ACTION OBJECTIVES 

Based on EPA guidance, the following removal action objectives were established in the EE/CA 

and were incorporated into the November 21, 2000 Action Memorandum: 

 Remove, treat, and/or manage PCB-contaminated river sediments to prevent human 
exposures exceeding risk-based levels by the dermal adsorption and incidental 
ingestion routes.  

 Remove, treat, and/or manage PCB-contaminated river sediments to prevent 
ecological exposures exceeding risk-based levels. 

 Remove, treat, and/or manage PCB-contaminated soils to prevent human exposures 
exceedinsg risk-based levels by the dermal adsorption and incidental ingestion routes. 

 Remove, treat, and/or manage PCB-contaminated riverbank soils to prevent 
ecological exposures exceeding risk-based levels. 

 Eliminate or mitigate existing riverbank soil and sediment sources of contamination 
to the 1.5-Mile Reach of the Housatonic River. 

 Prevent recontamination of previously remediated areas and further contamination of 
other areas. 
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 Prevent the downstream migration of contaminated sediments and bank soils. 

 Minimize long- and short-term impacts on wetland and floodplain areas. 

 Enhance habitat (riparian and aquatic) in a manner consistent with the above 
objectives. 

1.3 HABITAT RESTORATION OBJECTIVES 

In addition, the EE/CA and November 21, 2000 Action Memorandum established the following 

habitat restoration objectives. These habitat restoration objectives are similar to those established 

by the natural resource trustees for Connecticut and Massachusetts, the U.S. Fish and Wildlife 

Service (USFWS), and the National Oceanic and Atmospheric Administration (NOAA) [the 

“Natural Resource Trustees”] for the Upper ½-Mile Reach: 

 Implement the Removal Action for the 1.5-Mile Reach as approved by EPA. 

 Perform the restoration, including the enhancement of the river sediment and bank 
habitat in accordance with the Consent Decree (00-0388), to increase the diversity 
and productivity of the biological community in this reach. 

 Restore the riverbank to provide overlying cover, in accordance with the Consent 
Decree (00-0388), and to enhance the bank vegetation by reestablishing plantings 
using native species. 

 Minimize the potential for erosion of residual PCB-containing bank soils and river 
sediments that would result in recontamination of river sediments or transport of 
PCBs, and which could impair the river restoration by adversely impacting the 
ecological receptors. 

1.4 REPORT ORGANIZATION 

Section 1, Introduction, presents an overview of the project background, removal action and 

habitat restoration objectives, and report organization. Section 2, Design Elements, describes the 

design criteria for and development of the design elements for Phase 2 of the 1.5-Mile Reach 

Removal Action to meet the project objectives outlined in the November 21, 2000 Action 

Memorandum and applicable sections of the EE/CA and EE/CA Addendum Reports. The 

following appendices are included in this report: 

 Appendix A—Estimate of Surface Water and Storm Sewer Flows 
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 Appendix B— Detailed Volume Calculations 

 Appendix C—Miscellaneous Geotechnical Calculations 

 Appendix D—Miscellaneous Information and Calculations for River Diversion 
System 

 Appendix E—Hydraulics Analysis Backup 

 Appendix F—Bed and Bank Protection Analysis Backup 

 Appendix G—Summary Tables of Proposed Riverbank Grades and Stabilization 
Method 

 Appendix H—Plan View of Proposed Riverbed and Riverbank Restoration Design 

 Appendix I—Existing Aquatic Habitat 

 Appendix J— Proposed Aquatic Habitat Structure Details 

 Appendix K— Boulder Stability Calculations 
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2. DESIGN ELEMENTS 

This section describes the underlying assumptions and major components of each of the main 

design elements for Phase 2 of the 1.5-Mile Reach Removal Action. Phase 2 of the Removal 

Action begins approximately 1,400 feet downstream of the Lyman Street Bridge and extends 

nearly 3,000 feet downstream to Station 543+50, located immediately downstream of the Dawes 

Avenue Bridge (see Figure 2-1). The design process was divided into three parts for Phase 2: the 

Phase 1/Phase2 “Transition Area,” located from Station 514+00 to the Elm Street Bridge; the 

“First 600 Feet,” located from the Elm Street Bridge to Station 527+60; and the remainder of 

Phase 2 from Station 527+60 to Station 543+50. The first two designs were accelerated to ensure 

that designs could be completed early enough to allow construction to continue with no delays. 

The third design was completed in a staggered fashion with the 600-foot design so that 

concurrent design activities occurred for the section from Elm Street to Dawes Avenue for a 

period of the design.  

2.1 ANCILLARY OUT-OF-RIVER WORK 

2.1.1 Easements and Required Access 

Easements have already been obtained (under Phase 1) for properties requiring access for 

hauling purposes and for the Water Treatment Plant upstream of Station 514+00. These 

easements will continue to be needed at a minimum until the remediation work is completed for 

Phase 2. Use of Parcel I8-23-6 for the Water Treatment Plant will be required for the duration of 

Phase 2. Additional easements will be obtained to allow access to critical properties along the 

Phase 2 Reach of the Housatonic River. This process has been completed for the Transition Area 

(Station 514+00 to the Elm Street Bridge) and the first 600 feet downstream of Elm Street and 

has been initiated for the remainder of Phase 2. Several easements on commercial and residential 

properties are required to allow access to the site; construction of the dam, piping, and related 

support facilities; staging of equipment and materials; and hauling of materials to and from the 

site. For construction of the dam and staging activities for the Transition Area work and for 

hauling and staging activities downstream of Elm Street, easements on Parcel I8-24-1 are 

needed. Downstream of Elm Street, easements are required for work in the river and at selected 
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properties along the river for access and loadout purposes; staging, installation, and repair of 

walls; and installation of the pipe restraint system. At Parcel I8-10-5 (“Golf Shop”), an easement 

is required for restoration activities related to the timber crib wall. Similarly, access is required 

through Parcel I8-10-4 (“Clip Shop”) for access to the Golf Shop and to complete construction of 

a wall proposed on this parcel. Access to Parcels I8-10-2 and I8-10-3 is required for remediation 

and for parking of vehicles from the Clip Shop and staging of construction equipment. Other 

parcels where access will be required include I8-10-1; I7-20-1 and 2; I8-4-201/202; I8-4-2, 3, 4, 

and 6; and I7-21-1, 2, 3, and 5. 

2.1.2 Site Preparation 

2.1.2.1 Utility Relocation  

Because most work will be conducted within the river channel, utility relocations will be kept to 

a minimum. Utility relocations are not anticipated between Station 514+00 and the Elm Street 

Bridge. The overhead power lines at the top of the west bank at Stations 519+50 to 522+0 are not 

anticipated to be close enough to the work area to require relocation. In this area, the majority of 

the work will be conducted from within the river channel at a sufficient distance from those 

power lines. Precautions will be taken if dictated by specific construction circumstances. 

Overhead power lines are present adjacent to the bank in certain areas along the top of the 

riverbank downstream of Elm Street. Due to their proximity to the work area, the power lines 

and other co-located utilities along the east bank require relocation because of the nearby work 

activities. These electric power/telecommunications utility relocations/replacements will be 

conducted before the river-related construction begins. Specific areas where potential relocation 

or protection is required have been identified as part of the Phase 2 design. 

In addition to the electrical/telecommunications utility relocations, temporary rerouting of certain 

outfalls may be necessary during construction. These outfalls will continue to be evaluated 

during the Phase 2 design and construction process. 
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2.1.2.2 Site Grading 

The grading design requirements for the access roads and staging areas at the site have been 

based on minimizing the disturbance and/or removal of existing soils. In general, access roads 

will be constructed on top of existing soils wherever possible. Existing access roads built as part 

of Phase 1 construction will continue to be used. Staging areas have been designed in the same 

way, with additional measures (placement of liners) to be taken to maintain separation between 

existing soils and any construction-related stockpiles. If cuts are necessary to maintain workable 

grades for truck traffic or other purposes, then material removed is to be handled in accordance 

with project applicable or relevant and appropriate requirements (ARARs, Appendix C of the 

EE/CA), and final disposition of the material must be consistent with overall project objectives, 

including cleanup objectives for remediation areas of the properties adjacent to the 1.5-Mile 

Removal Action construction area or on the GE facility itself. 

A series of locations have been identified as potentially suitable for accessing the river. It is 

assumed that the access locations will be used for entry and exit of heavy equipment and delivery 

and removal of materials. Due to limited access at the top of bank, an access point/ramp will be 

required along the west bank between Stations 515+00 and 519+00 to allow trucks to enter and 

leave the riverbed for contaminated material removal and backfill placement upstream of Elm 

Street. The next suitable location downstream is at approximately Station 526+00 to 527+00 on 

the east bank. An access road could be cut into the bank at a steep angle to reach the riverbed or 

a loadout point could be constructed to avoid using trucks to haul contaminated material out of 

the riverbed. Downstream of this area, the next suitable area for access points is at approximately 

Station 532+00 to Station 533+00 on both banks. Access is good along the west bank from 

approximately Station 534+00 to 539+00 and from Station 539+00 to 541+00 on the east bank. It 

is noted that the arrangement of separate work cells in Phase 2 will be largely driven by the 

number and location of access points into the river channel. 

2.1.2.3 Restoration of Support Areas 

Support areas will be restored in accordance with Consent Decree requirements and negotiations 

to be completed with the individual property owners. Typical restoration activities may include 

removal of fencing and gravel roadways/areas, pavement repair, installation, and eventual 
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removal of temporary erosion control measures, and loaming/seeding/revegetation. Repaving of 

paved areas on the GE property used for staging of contaminated materials is not anticipated.  

2.1.3 Traffic Control 

For the work in the Transition Area, between Station 514+00 and the Elm Street Bridge, existing 

access roads were used to haul materials to and from the site. The traffic pattern was very similar 

to what occurred for Phase 1 construction activities (site access roads to GE property to Building 

65). An existing Traffic Control Plan was used for this area of the site. Below Elm Street, truck 

traffic will need to be routed on public roadways to a much greater extent. Trucks will travel 

along Deming, Caledonia, and High Streets to Elm Street and then proceed along site access 

roads beginning along the top of the west riverbank at the Harry’s supermarket property. Traffic 

from High Street will first need to cross the Elm Street Bridge. As an alternative route, after 

reaching Elm Street, traffic will travel east along Elm Street to Newell Street, north (or east) on 

Newell Street to Lyman Street, and north (or west) on Lyman Street into the GE-owned Lyman 

Street Parking Lot. Additional routes will include the portion of Dawes Avenue between 

Caledonia Avenue and Deming Street. Below Dawes Avenue, traffic will follow Appleton Street 

to Dawes Avenue, then Deming to Elm and East Street.  

2.2 SOIL AND SEDIMENT CHARACTERIZATION AND DISPOSAL 

2.2.1 Site Characterization 

In support of the EE/CA, an extensive program of site characterization was carried out to assess 

bank soil and riverbed sediment contamination in the 1.5-Mile Reach. The details and results of 

the EE/CA site investigation work are provided in Section 2 of the Final EE/CA and EE/CA 

Addendum. Since the completion of the EE/CA, and in support of the removal action design, 

additional bank soil and sediment sampling has been conducted in the area of the 1.5-Mile Reach 

between Station 514+00 (Transect 92) and the Dawes Avenue Bridge. Results of these additional 

sampling efforts are summarized in the following memoranda and reports: 

 Top of Bank Sampling Report, DCN GE-051601-AAKY, May 16, 2001 (WESTON, 07-
0059). 
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 Supplemental Sampling Report – Aggrading Bar and Additional Bank Samples, DCN GE-
082701-AAQA, August 27, 2001 (WESTON, 07-0069). 

 1.5-Mile Removal Action-Phase II PCB Data Evaluation for Limits of Excavation Upstream 
of the Elm Street Bridge, DCN: GE-020603-ABLE, February 6, 2003 (WESTON, 07-0165). 

 Determination of Remediation Limits – Elm Street Bridge to Dawes Avenue Bridge – 1.5 
Mile Removal Action, DCN GE-102703-ABWA, October 2003 (WESTON, 07-0149). 

 
Figures 2-2.1 through 2-2.3 are stack bar maps depicting the total PCB analysis results from 

samples obtained between Station 514+00 (Transect 92) and Dawes Avenue Bridge. These 

results are the data set used to develop the excavation areas and depths for the Phase 1/Phase 2 

Transition Area and the remainder of Phase 2 from Elm Street to Dawes Avenue. The data were 

also used to classify material as Toxic Substances Control Act (TSCA) and non-TSCA material 

as discussed later in this section. The TSCA/non-TSCA designated areas and excavation depths 

that were developed for Phase 2 are presented in three Final Design submittals (“the Transition 

Area,” Stations 522+29 to 527+60 - “the First 600 Feet,” and Stations 527+60 to 543+50). 

2.2.2 Criteria for Determining Extent of Excavation 

The process for determining the extent of excavation of soil and sediments was begun by 

adopting removal action objectives prior to development of the EE/CA. These removal action 

objectives are described in the Final EE/CA and the November 2000 Action Memorandum and 

are provided in Section 1 of this document.  

The cleanup criteria for total PCBs in bank soils in the 1.5-Mile Reach based on human and 

ecological exposure exceeding risk-based levels are documented in the November 21, 2000 

Action Memorandum (EPA, 2000, 07-0036) and are as follows: 

 Riverbank soils adjacent to recreational or commercial properties are classified as 
recreational use. The recreational use criteria will be 10 ppm in the top 3 feet. In areas where 
there is a potential for future exposures that are inconsistent with recreational use (i.e., future 
residential use) or where exposures may occur at depths greater than 3 feet, Environmental 
Restrictions and Easements (EREs) will be obtained. 

 Riverbanks on residential properties will be remediated to the residential criterion of 2 ppm 
to a depth of 3 feet and to an average of 10 ppm, with a not-to-exceed of 50 ppm, below 3 
feet to a maximum of 15 feet or to the groundwater table, whichever is less.  
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Non-PCB hazardous substances, which are referred to as Appendix IX compounds, are also 

present in the 1.5-Mile Reach. The results of Appendix IX sampling are summarized in the 

EE/CA and EE/CA Addendum. The Consent Decree sets forth an agreed-upon procedure GE 

must follow for evaluating and removing Appendix IX contamination in soils. Since GE is 

responsible for cleanup actions beyond the banks in the 1.5-Mile Reach, for consistency, a 

similar approach was also applied for the 1.5-Mile Reach banks and sediments. Where Appendix 

IX contamination is not co-located with PCB contamination, the limits of the excavation will be 

extended to remove exceedances for the Appendix IX contaminants.  

EPA set an action level (also referred to as a cleanup goal) of 1 ppm for PCBs in sediment. The 1 

ppm action level, coupled with the replacement of contaminated sediments with clean backfill, is 

expected to result in PCB levels that are protective of human health and the environment. The 

November 21, 2000 Action Memorandum, with its attachments, further describe EPA’s rationale 

for selecting the 1-ppm action level for sediments. The Action Memorandum also describes the 

process used to evaluate Appendix IX contamination in sediments. Sediment is defined as the 

material below the mean annual high-water line. Above the mean annual high-water line, the 

soils are defined as riverbank soils.  

Based on the cleanup goals provided previously, an overall process was developed during the 

completion of the EE/CA for evaluating the sampling data and determining the necessary 

excavation depths to meet the removal action objectives. Two distinct processes were developed 

for evaluating sediment and bank soil data, respectively, and for background purposes, these 

processes are described in the following subsections. Tables referred to in the following 

subsections are presented in the EE/CA report, and a more detailed explanation of this process is 

found in the EE/CA. 

2.2.2.1 Sediment Excavation Limits Determination from EE/CA 

The limits of sediment excavation were established during development of the EE/CA on a 

subreach basis (see subreach map provided in EE/CA; the Phase 2 Area includes all of 

Subreaches 3-10, 4-1, 4-2, and 4-3 from the EE/CA). The method used to determine the depth of 

excavation for sediments was a direct comparison of the 95% upper confidence limit (UCL) of 
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the mean PCB concentration to the cleanup criterion. The cleanup goal (1 ppm) was compared to 

the calculated 95% UCL of the mean for each 1-foot depth interval for each subreach. In general, 

areas where the 95% UCL of the mean PCB concentration exceeded the cleanup level for the 

corresponding depth interval were determined to require excavation. The depth to which 

sediment removal is required in each subreach to meet the cleanup criterion is generally 2 to 3 

feet, and is depicted in Figure 3.4-1 of the EE/CA. The volume of sediment impacted within each 

subreach is presented in Table 3.4-1 of the EE/CA. The 95% UCL of the mean PCB 

concentration for sediment below the proposed excavation depths is presented in Table 3.4-3 of 

the EE/CA in 1-foot depth intervals. The data presented in Table 3.4-3 of the EE/CA confirm 

that the proposed excavation depths are adequately protective. In addition, Appendix IX 

constituents exceeding applicable standards are co-located with areas already requiring 

excavation based on PCB results.  

For the Phase 1/Phase 2 Transition Area of the removal action, the EE/CA and EE/CA 

Addendum specify the following excavation depths: 

 From Station 514+00 to 521+00, the sediment excavation depth is 3 feet. 

 From Station 521+00 to approximately 522+00, the sediment excavation depth is 2 feet or to 
bedrock. 

 
For the remainder of Phase 2, from Elm Street downstream to Transect 150, the EE/CA and 

EE/CA Addendum specify the following excavation depths: 

 From Transect 108 (Station 522+00) to Transect 150 (Dawes Avenue Bridge ), sediment 
excavation depth is to bedrock, which is assumed to be 2 feet or bedrock, whichever is 
encountered first. 

 

2.2.2.2 Riverbank Soil Excavation Limits Determination from EE/CA 

In the EE/CA, the limits of riverbank soils excavation were established using a 3-tiered 

approach. The logic for this approach is presented as a flow chart in Figure 3.4-2 of the EE/CA. 

Initially, a direct comparison of the 95% UCL of the mean PCB concentration to the cleanup 

criteria was conducted on a subreach basis. This initial tier of the analysis was conducted by 

comparing the 95% UCL of the mean PCB concentration for various depth intervals to the 
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cleanup criteria (see Table 2.3-2 of EE/CA). Because the cleanup criteria vary based on land use 

(residential versus recreational), the data were compiled based on the land use within each 

subreach. 

The second tier of analysis consisted of examining the riverbank soil data on a non-subreach 

basis to determine if there were areas within a subreach or crossing a subreach boundary that did 

not require removal. Table 3.4-4 of the EE/CA presents the results of this analysis. One 

additional area not requiring complete removal was identified as a result of this analysis.  

The third tier of evaluating the riverbank soils data involved further analysis of the subreaches 

and depth intervals that have fewer than 25% of the samples exceeding the cleanup criteria (see 

Table 2.3-1 of the EE/CA).  

In addition to the PCB data evaluation previously described, the Appendix IX data were 

evaluated to determine if areas not slated for excavation based on PCB concentrations would 

require excavation for Appendix IX exceedances. Based on the evaluation, three subreaches (4-2 

West Bank, 4-3 East Bank, and 4-5B East Bank) were identified where Appendix IX 

exceedances were present in areas where excavation for PCB removal was not required. Due to 

the relatively sparse nature of Appendix IX data, an Appendix IX exceedance was conservatively 

assumed to require excavation for the full bank height for the subreach and to the depth where 

the exceedance was located, unless additional data points were present showing no Appendix IX 

exceedance for a given depth interval and bank area within that subreach. 

Table 3.4-2 of the EE/CA provides a summary of the proposed excavation areas and associated 

depths to meet the PCB cleanup criteria for riverbank soils on a subreach basis. The locations of 

these areas and the depth of excavation in each area are shown in Figure 3.4-3 of the EE/CA. The 

volume of riverbank soil impacted within each subreach is presented in Table 3.4-1 of the 

EE/CA. The data presented in Tables 2.3-2, 3.4-4, and 3.4-5 of the EE/CA demonstrate that in all 

recreational bank areas, soil PCB concentrations will meet the bank cleanup goal (10 ppm for 0 

to 3 feet). 

Subsequent to the completion of the Final EE/CA in February 2000, EPA modified the cleanup 

level for PCBs in residential properties. The modification included a PCB cleanup level of an 

average of 10 ppm, with a not-to-exceed of 50 ppm, for depths from 3 feet to a maximum of 15 
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feet or to the groundwater table, whichever is less. The July 2000 preferred alternative and the 

EE/CA Addendum both summarize the increase in excavation volumes attributable to the revised 

residential cleanup level. This resulted in an increase of 3,740 cubic yards (cy) of material, 

which, in addition to the 46,507 cy given in Appendix O of the Draft Final EE/CA (WESTON, 

2000, 07-0030), brought the total estimated volume of riverbank soils to be excavated to 50,247 

cy. This is the volume specified in the EE/CA Addendum and the Action Memorandum.  

For the Phase 1/Phase 2 Transition Area of the Removal Action, the EE/CA and EE/CA 

Addendum specify the following excavation depths: 

 East Bank—From Station 514+00 to approximately 521+00, 1 foot of excavation from the 
toe of the slope all the way to the top of the bank. From approximately Station 521+00 to 
approximately 522+00, 3 feet of excavation from the toe of the slope all the way to the top of 
the bank. 

 West Bank—From Station 514+00 to approximately 521+00, 3 feet of excavation from the 
toe of the slope all the way to the top of the bank. From approximately Station 521+00 to 
approximately 522+00, 1 foot of excavation from the toe of the slope all the way to the top of 
the bank. 

 
For the remainder of Phase 2, from Elm Street Bridge to Dawes Avenue Bridge (approximately 

Station 521+00 to Station 543+50), the EE/CA and EE/CA Addendum specified the following 

bank excavation depths: 

 East Bank—From Station 522+00 to approximately Station 526+00, 3 feet of excavation; 
from Station 526+00 to Station 529+00, 1 foot of excavation; from Station 529+00 to Station 
543+50, 3 feet of excavation, except for the top third of the bank from Station 534+00 to 
Station 538+00, which is 1 foot of excavation. 

 West Bank—From Station 522+00 to 525+00, 1 foot of excavation; from Station 525+00 to 
533+00, 2 feet of excavation; from Station 533+00 to Station 543+00, 3 feet of excavation, 
except for the bank area between Stations 534+00 and 536+00, which has no excavation. 

 

2.2.2.3 Delineation of the Top of the Bank or Limit of Excavation 

The Consent Decree states that GE is required to perform removal actions on non-bank portions 

of the 1.5-Mile Reach and that the riverbanks will be included as part of the 1.5-Mile Reach 

Removal Action. The EPA demarcated, in the field with a survey flag, where they believed the 
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top of the bank was located in Phase 2. On November 30, 2000, representatives of GE and EPA 

walked both sides of the riverbank from Lyman Street to Elm Street to inspect the proposed top 

of bank, or the limit of excavation line. GE’s representative agreed with the proposed limit of 

excavation line for this area. Subsequent to this site walk, WESTON surveyed the limit of 

excavation line, and this was the initial basis for the limits shown in the final drawings for the 

Transition Area. For the area of Phase 2 between Elm Street and Dawes Avenue, the limit of 

work as depicted in the EE/CA was surveyed by WESTON. This line was used as the initial 

basis for the development of the design of Phase 2 – Elm Street to Dawes Avenue. On November 

6, 2001, GE submitted drawings proposing the top of bank from Elm Street to the confluence. 

EPA concurred with the top of bank delineation for the area from Elm Street to Dawes Avenue. 

EPA informed GE that further analysis was needed on the top of bank delineation from Dawes 

Avenue to the confluence. The following subsections describe additional sampling and analysis 

conducted to finalize the limit of excavation in both the Transition Area and the remainder of 

Phase 2.  

2.2.2.4 Revised Excavation Limits and Criteria for the Phase 1 /Phase 2 
Transition Design 

As part of design development for the Phase 1/Phase 2 Transition Area, the limits of excavation 

of bank soil were modified from those presented in the EE/CA and EE/CA Addendum. Slight 

modifications were also made to the limit of excavation line agreed upon by EPA and GE. The 

modifications were made based on the analysis of the EE/CA data and supplemental bank 

samples acquired in 2001 and summarized in the reports listed previously. For the West Bank in 

this area, additional sampling was performed between the “top of bank” or excavation limit as 

defined in the EE/CA, and the actual locations of the top of bank sampling points from the 

EE/CA, where there was a significant difference in elevation between these two points. For the 

East Bank, additional investigation was required for the following reasons: 

 To further sample and assess the upper bank for Transects 92 (Station 514+00) to 102 
(Station 516+00). The sampling performed in the EE/CA was generally limited to the lower 
bank (e.g., Elevations 977 feet above mean sea level [amsl] and below). The top of bank 
ranges from 985 to 990 feet amsl. 

 To further assess PCB concentrations at depths greater than 3 feet on residential parcel I8-23-
1. Parcel I8-23-1 encompasses Transects104 and 106. The cleanup level for depths greater 
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than 3 feet on residential properties specified in the EE/CA and Action Memorandum 
includes a “not-to-exceed” PCB concentration of 50 ppm and an average concentration of 
PCBs of less than 10 ppm in bank soils from 3 to 15 feet deep. Since the EE/CA contained 
only one sampling location with a depth greater than 3 feet on this property, additional 
sampling was warranted. 

 To sample parcel I8-23-1 at Elevation 980 feet amsl for PCBs to fill in this data gap. The 
riverbank on this residential parcel was previously sampled to the top of the bank 
(approximate elevation of 990 feet amsl), however, sampling at Elevation 980 amsl was not 
performed.  

 To reassess the data evaluation performed in the EE/CA. The EE/CA contained the following 
errors or omissions: It evaluated Parcel I8-23-4 as a residential parcel, which is incorrect; it 
omitted the results of over 19 sampling locations for Parcel I8-23-1; it incorrectly concluded 
that only a 1-foot excavation was necessary to meet the residential cleanup criteria for 
Parcels I8-23-1 and I8-23-4, while the report concluded that the 95% UCL for these 
properties for the 0- to 3-foot depth was 18.1 ppm (a 95% UCL was not calculated for the 1- 
to 3-foot depth); it concluded, based solely on eight depth samples collected from the lower 
bank, that Parcels I8-23-2, I8-23-3, and I8 23-6 required only a 1-foot excavation. Revised 
data evaluations were performed as part of this investigation to consider the appropriate use 
classification (i.e., residential vs. recreational) and all PCB analytical data collected to date. 

 
Based on these supplemental sampling and analysis activities, the Phase 1/Phase 2 Transition 

Area excavation limits were revised as follows: 

East Bank 

 East Bank Transects 92 (Station 514+00) to 98 (Parcel I8-23-6)—The EE/CA required 
remediation from only the 0- to 1-foot depth to the top of the riverbank in this area. The re-
evaluation of the riverbank soil data on the east side of the river from Transect 92 to 98 
(approximately Station 514+00 to Station 517+00), incorporating the new sampling results, 
indicates that the PCB concentrations exceed the cleanup goal of 10 ppm at the 0- to 1-foot 
depth and 1- to 3-foot depths to the top of the riverbank. Based on this re-evaluation of the 
data, remediation is required from 0 to 3 feet to the top of the riverbank in this area. The 0- to 
3-foot remediation is required down to the property line between Parcels I8-23-6 and I8-23-4. 

 East Bank Transects 100 to 106 (Parcels I8-23-1, I8-23-2, I8-23-3, and I8-23-4)—The 
EE/CA required remediation from only the 0- to 1-foot depth to the top of the riverbank in 
this area. The re-evaluation of the riverbank soil data on the east side of the river from 
Transect 100 to 106 (approximately Station 518+00 to 521+00), incorporating the new 
sampling results, indicates that the PCB concentrations are currently less than both cleanup 
levels of 10 ppm and 2 ppm from Elevation 980 and greater but exceed both the 10 ppm and 
2 ppm cleanup levels at elevations less than 980. Therefore, remediation on these parcels 
(extending all the way to the Elm Street Bridge) is required from 0 to 3 feet up to Elevation 
980. No remediation above Elevation 980 is required. 
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 Residential Parcel I8-23-1—The EE/CA did not consider the additional cleanup requirements 
for the 3- to 15-foot depth interval on residential parcels. To meet the additional cleanup 
level set for residential properties, an evaluation of PCB concentrations from samples 
obtained at depth (3 to 6 feet) was completed for Parcel I8-23-1. Two requirements were 
established for the removal action associated with PCB concentrations in bank soils below 3 
feet on residential parcels. First, a not-to-exceed (NTE) level of 50 ppm for PCBs has been 
instituted. Therefore, soil at locations and depths where PCB concentrations greater than 50 
ppm were detected in samples must be removed. Second, residential parcels must have an 
average PCB concentration in soil from the 3- to 15-foot depth of less than 10 ppm 
(excluding areas below the groundwater table). 

 
The analysis evaluated all PCB results from samples obtained below 3 feet in the proposed bank 

remediation area on Parcel I8-23-1. To perform this evaluation, the bank was divided into six 

separate averaging areas. For each averaging area, one sample location that had sample depth 

intervals greater than 3 feet (including sample locations BS000132, BS000183, BS000184, 

BS000186, BS000188, and BS000190) was utilized in the analysis. Therefore, the PCB 

concentrations for each sample location would represent riverbank soils from the perpendicular 

bi-sector between each sample location, extending from the edge of river to the limit of 

excavation. Sample intervals where duplicate samples were collected were averaged. Assuming 

removal of all depth intervals with PCB concentrations greater than the 50-ppm NTE level were 

to be removed, an average PCB concentration for each averaging area and the overall bank 

average was calculated. All samples above depth intervals where PCB concentrations exceeded 

the 50-ppm NTE level were presumed to be excavated and replaced with clean fill and were 

assigned a PCB concentration of half the detection level of 0.018 ppm. Based on this analysis of 

sample results at depth (3 to 6 feet), it is necessary to remove additional soil at depths greater 

than the proposed 3 feet in two of the averaging areas. In one averaging area (Area 2), the total 

depth of excavation will need to be adjusted to 5 feet, while in another area (Area 3), the total 

depth of excavation will need to be adjusted to 4 feet.  

West Bank 

 West Bank Transects 90 to 106 (Parcel I8-24-1)—The EE/CA required remediation from 0 to 
3 feet for the entire riverbank down to Transect 106. The evaluation of the riverbank data on 
the west side of the river from Transect 90 to 106 (approximately Station 513+00 to Station 
521+00), incorporating the new sampling results, indicates that the existing PCB 
concentrations are less than the cleanup goal of 10 ppm from Elevation 980 to the top of the 
riverbank. Therefore, the remediation in this area will consist of the top 3 feet of the 
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riverbank up to Elevation 980. No remediation above Elevation 980 is required. This 
remediation will encompass the entire west riverbank for Parcel I8-24-1, including Transects 
90 and 92 and extending to the Elm Street Bridge (i.e., approximately 15 feet beyond 
Transect 106). 

The changes in excavation areas and depths previously described are represented in the 

excavation area drawings included in the Final Phase 1/Phase 2 Transition Area design submittal 

(WESTON, 2003). In addition to the modifications to the limits of excavation, there were 

modifications made to the general rules for excavation on non-residential properties. These 

changes were documented in a January 9, 2003 letter from EPA to the U.S. Army Corps of 

Engineers and are summarized below: 

 The November 21, 2000 Action Memorandum for the 1.5-Mile Reach states that the cleanup 
level in riverbank soils in recreational areas (this includes all non-residential properties) is 10 
ppm PCBs for a depth of 0 to 3 feet. The Action Memorandum, while stating that these 
cleanup levels must be met, does not specifically require 3 feet of excavation at each 
location. Due to the proposed changes in final grade to ensure long-term slope stability and 
the installation of hard structures such as retaining walls, the primary determination of 
whether or not cleanup levels have been achieved should be based on post-construction 
conditions. Therefore: 

− For riverbank areas where 3 feet of excavation was initially proposed, as long as 
there are 3 feet of clean fill or a permanent structure such as a retaining wall 
present post-construction, 3 feet of excavation does not need to be performed. 
(Note that in areas where the riverbank is flattened, more than 3 feet of excavation 
may be required). The excavation limits should be modified to minimize the 
amount of excavation while still attaining 3 feet of clean fill or a permanent 
retaining wall post-construction. 

− For riverbank areas where the analytical data indicate a 1- or 2-foot excavation is 
required, then either the 1- or 2-foot excavation is required and/or a minimum of 3 
feet of clean backfill or a retaining wall needs to be installed.  

− These procedures do not apply to sediment. 

For the Phase 1/Phase 2 Transition Area, EPA determined that all excavated soil and sediment 

would be consolidated in the GE OPCAs. This decision was made to streamline the Phase 1/ 

Phase 2 Transition Area construction process by allowing a simpler construction traffic pattern, 

with less travel of construction vehicles on public roads and less consequential disruption of 

local residents. Off-site disposal of excavated material began during the completion of the 

remainder of Phase 2 below the Elm Street Bridge. 
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2.2.2.5 Revised Excavation Limits and Criteria for the Phase 2 – Elm Street to 
Dawes Avenue Design 

As part of design development for Phase 2 – Elm Street Bridge to Dawes Avenue Bridge 

(approximately Station 522+00 to Station 543+50), the limits of excavation of bank soil were 

modified from those presented in the EE/CA and EE/CA Addendum. The following paragraphs 

summarize the sampling, data analysis activities, and resulting modifications to the excavation 

limits. This information is presented in full detail in the WESTON report Determination of 

Remediation Limits – Elm Street Bridge to Dawes Avenue Bridge – 1.5 Mile Removal Action, 

DCN GE-102703-ABWA, dated October 2003, (WESTON, 07-0149). 

Supplemental Sampling Program 

Field sampling activities associated with the supplemental sampling between Elm Street Bridge 

and Dawes Avenue Bridge were conducted from March 25, 2002 through April 8, 2002. A total 

of 73 sample locations were established to further characterize the PCB and Appendix IX 

semivolatile organic compound (SVOC) concentrations in the riverbanks. In three sample 

locations, however, complete refusal was met, resulting in a total of 70 locations sampled.  

Sixty of the 73 sample locations were selected to correspond to existing Transects 110 to 148 

where previous sampling did not extend to the top of riverbank (EPA limit of remediation). 

These sample locations were spaced evenly between previous “upper bank” sample locations and 

the top of riverbank. The remaining 13 sample locations were located on residential parcels on 

the east riverbank immediately downstream of the Elm Street Bridge. At 3 of these locations, 

however, complete refusal was met and no samples were collected, resulting in a total of 10 

sample locations on the residential properties.  

Based on a review of existing EE/CA data between Elm Street and Dawes Avenue, exceedances 

of applicable cleanup criteria were observed for selected Appendix IX (non-PCB) constituents. 

These exceedances were limited to SVOCs that are typically associated with coal gasification 

by-products such as coal tar.  
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The exceedances were located on the west riverbank from Transects 108 to 130 and on the east 

riverbank at Transect 110 and again from Transects 130 to 150. On the west riverbank, the 

exceedances occurred at various bank heights, from lower bank samples to “uppermost” bank 

samples. Therefore, as part of the supplemental sampling, 18 additional samples (16 samples 

plus 2 duplicate samples) were collected and analyzed for Appendix IX SVOCs. These sample 

locations were spaced evenly between the previous uppermost bank sample locations and the top 

of bank. (Note: since exceedances of the cleanup criteria for other non-PCB compounds such as 

metals and VOCs were not observed in the EE/CA investigation, the additional sampling was 

limited to SVOCs.) 

On the east riverbank at Transect 110, the “mid bank” sample from the EE/CA contained 

exceedances of the SVOC cleanup criteria. Two additional samples were collected for SVOCs 

along this transect at elevations above those collected during the EE/CA and below the top of the 

bank. The SVOC exceedances identified in the EE/CA for Transects 130 to 150 on the east bank 

were all in lower bank samples, with no exceedances in mid or upper bank samples. This 

indicates that elevated concentrations of SVOCs in this area are limited to the lower portion of 

the riverbank. Therefore, no further sampling or SVOC analysis was required between the upper 

bank EE/CA samples and the top of bank in this area. 

For the Elm Street to Dawes Avenue section of the 1.5-Mile Reach, the EE/CA classified four 

properties as residential, and the remaining riverbank properties were classified as recreational. 

These four residential properties are located immediately downstream of the Elm Street Bridge 

on the east side of the river. Two of the four are commercial properties that contain residential 

apartments above stores and the remaining two are typical residential properties. After the 

EE/CA and the 2002 supplemental sampling were completed, EPA reached an agreement with 

the homeowners of the two residential properties to permanently relocate. The houses were 

demolished and the properties turned over to the City of Pittsfield. Therefore, the riverbank on 

these two properties was re-classified as recreational areas. In addition, due to the extremely 

steep banks (one of which consists entirely of a timber retaining wall) on the two commercial 

properties with apartments, EPA determined that access to these banks is very limited and that a 

recreational exposure scenario is more appropriate. Therefore, all riverbank soil from Elm Street 



MK01|O:\20125257.103\Phase2BOD_FIN\Ph2BOD_FIN_S2.doc  2/16/2005 2-16

to Dawes Avenue was considered as “recreational” for the purpose of determining cleanup 

levels, and no evaluation of PCBs in soils below depths of 3 feet was required.  

Supplemental Data Analysis - PCBs 

The first step in evaluating the supplemental data and finalizing remediation limits from Elm 

Street to Dawes Avenue was to evaluate the new and old PCB data and determine the 

remediation required to meet the PCB cleanup levels. After the remediation limits to address 

PCBs were determined, the next step was to evaluate the Appendix IX (non-PCB hazardous 

substances) contamination to determine if additional remediation was required. The Action 

Memorandum states that the evaluation of Appendix IX data will be performed in a similar 

approach to the one specified in the overall Consent Decree between GE, EPA, and other 

governmental agencies. 

To complete a final evaluation of the PCB concentrations in the banks from Transect 108 to 

Transect 150, previously obtained sample results were used in conjunction with the results from 

the investigation previously described. The riverbanks in this stretch of river were evaluated as 

11 distinct averaging areas/zones based on geographic distribution of the sample locations, 

observed characteristics of the soil types, and trends in the PCB data. The data within each zone 

were then broken down further into groups that represented the locations by their elevation on 

the riverbank within each zone.  

All the groups of riverbank soil data were evaluated by calculating the 95% or 99% Upper 

Confidence Level (UCL) of the arithmetic mean and comparing the bank soil cleanup goal of 10-

ppm PCB to each UCL calculated. UCL values were calculated using the EPA-approved Pro 

UCL software (Version 2.1, December, 2002). For all the data sets, the 0- to 3- foot depth was 

evaluated first. If the UCL results were lower than the 10-ppm cleanup level, no remediation was 

required within the area the data set represented. If the 0- to 3-foot depth UCL results exceeded 

the 10-ppm cleanup level, additional calculations were performed on the 0 to 1 and 1- to 3-foot 

depths. If the 0- to 1fot UCL result exceeded the 10-ppm cleanup level and the 1- to 3-foot result 

was lower than the cleanup level, then only 0- to 1-foot remediation was required. If the 0- to 1-

foot UCL result was below the 10-ppm cleanup level and the 1- to 3-foot result exceeded the 
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cleanup level, then 0- to 3-foot remediation was required since the 0- to 1-foot layer of soil 

cannot be left in place while remediating the 1- to 3-foot depth interval. If both the 0 to 1 and the 

1- to 3-foot UCL result exceeded the 10-ppm cleanup level, then the 0- to 3-foot remediation was 

required. In some cases, the 0 to 1 and the 1- to 3-foot depth data sets did not have enough data 

to obtain a UCL result. In those cases, the maximum PCB result within the data set was used as a 

UCL number. Detailed descriptions of the data groups evaluated and the individual results, as 

well as all relevant maps and backup data and calculations are included the WESTON sampling 

report, Determination of Remediation Limits – Elm Street Bridge to Dawes Avenue Bridge – 1.5 

Mile Removal Action, DCN GE-102703-ABWA, October 2003 (WESTON, 07-0149).  

Figure 2-2.2 displays the final limit of remediation as determined by the EE/CA and further 

modified by the previously described data evaluation. For bank areas labeled “Existing,” 

remediation depths were determined in the EE/CA report. For bank areas labeled with a zone 

designation, remediation depths were determined by the new evaluation. The limit of 

remediation information shown in Figure 2-2.2 was incorporated into the final design drawings 

for the 600-Foot Reach of Phase 2 (Elm Street Bridge to Station 527+60), and the final design 

drawings for the remainder of Phase 2 (Station 527+60 to Station 543+50).  

Supplemental Data Analysis - SVOCs 

Both the 2002 supplemental SVOC data and the existing SVOC data from the EE/CA were used 

in the Appendix IX SVOC data evaluation. To determine if additional bank soil remediation 

beyond that necessary to address PCBs was necessary, a data evaluation process equivalent to 

that required of GE under the Consent Decree and equivalent to the one conducted in the EE/CA 

was performed. The first step in the process was to identify exposure/evaluation areas. One of 

the two exposure areas identified is on the west riverbank and is located from Transect 108 to 

130. This exposure area encompasses the entire riverbank. A second exposure area is on the east 

riverbank and is located from Transect 108 to 116. This exposure area also encompasses the 

entire riverbank. The east riverbank exposure area was expanded beyond Transect 110 to match 

the PCB riverbank zone/averaging area.  
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The exposure areas were then divided into polygons that represent each SVOC sample location. 

This was done both for sample locations from the EE/CA as well as new sample locations. The 

SVOC sample results for samples located in areas subject to remediation to address PCBs were 

replaced with the detection limit obtained for samples collected from clean backfill. Next, the 

post-PCB remediation maximum value for each SVOC constituent was compared to the EPA 

Region 9 Preliminary Remediation Goals (PRGs) for residential areas (recreational PRGs do not 

exist). If the maximum concentration exceeded the PRG, then the constituent was retained for 

further evaluation. The next step was to calculate the post-PCB remediation arithmetic average 

for each retained constituent. Then, the average constituent concentration was compared to the 

MCP Method 1 S-2 standards for soil to determine if further remediation was required.  

To address the SVOC exceedances, certain polygons were selected for remediation. The depth of 

remediation required for each polygon corresponded to the sample depth of the associated SVOC 

exceedance. The polygons that required additional remediation based on SVOC exceedances are 

shown on Figure 2-2.3. Sufficient polygons were selected for additional remediation such that 

the resulting maximum constituent concentration was less than the PRG or the average 

constituent concentration complied with the MCP Method 1 S-2 standard. A more detailed 

description of this evaluation process is provided in the WESTON sampling report 

Determination of Remediation Limits – Elm Street Bridge to Dawes Avenue Bridge – 1.5 Mile 

Removal Action, DCN GE-102703-ABWA, October 2003 (WESTON, 07-0149). The final 

remediation limits to address PCBs and SVOCs from Elm Street to Dawes Avenue are shown in 

Figure 2-2.2.  

The modifications to rules for excavation depths that were documented in the January 9, 2003 

letter from EPA to the U.S. Army Corps of Engineers also apply to remediation activities 

between Elm Street and Dawes Avenue. 

2.2.2.6 Baseline River Survey Elevations 

The baseline survey elevations to be used for Phase 2 of the Removal Action will be the 

elevations determined by the following survey efforts: 
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Phase 2 Transition Area (Station 514+00 to Elm Street Bridge) 

 Riverbed – Applewood Survey, 2000. 
 Riverbanks – ColEast Aerial Survey, 2001. 

 

Remainder of Phase 2  (Elm Street Bridge to Dawes Avenue Bridge) 

 Riverbed – SK Surveyors, 2001. 
 Riverbanks – ColEast Aerial Survey, 2001. 

 
The 2000 and 2001 riverbed surveys conducted by WESTON and its subcontractors established 

a grid of points in the river channel on a general 25-foot spacing. Additional points were 

obtained for localized bathymetric features such as pools. Each transect across the river had, at a 

minimum, a point at each bank, one in the center of the river, and two in between the center and 

the bank. The riverbed surveys extended up the bank a sufficient distance to define lower bank 

topography. 

During construction, each excavation cell will be surveyed prior to excavation. If the surveyed 

elevations in a cell at the time of construction vary from those provided by the 2000/2001 survey 

data, the cut lines and restoration grades will be revised as necessary to maintain the bank slopes 

specified in the design. In some cases this will require little change from the original design 

cross-section; in other cases it may be necessary to increase or decrease cuts and fills, and to 

slightly alter the limit of excavation at the top of the bank. In all cases, the following criteria will 

be applied: 

 The limit of work can only be extended in cases where no other alternative exists that will 
allow stable final slopes and will not reduce the channel cross-section. 

 Restoration must consist of placement of a minimum of 3 feet of cover (riprap, top soil, etc.) 
on the banks, except in locations where sampling data indicate a less than 3-foot excavation 
is required to meet cleanup criteria. 

 Restored bank slopes, as determined in the Transition Area design and subsequent Phase 2 
designs and documented in later sections of this document, will generally be maintained. 
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If necessary, further geotechnical engineering analysis may be conducted using data obtained 

during construction to determine whether deviations from the design slopes are acceptable and 

maintain the appropriate factor-of-safety value. 

2.2.2.7 TSCA/Non-TSCA Delineation for Purposes of On-Site Consolidation and 
Off-Site Disposal 

Materials not regulated under the Toxic Substances Control Act (TSCA) or classified as 

hazardous waste under Resource Conservation and Recovery Act (RCRA) regulations may be 

placed in the former Hill 78 landfill OPCA. The Building 71 OPCA can receive both TSCA- and 

RCRA-regulated remediation wastes. Full or partially filled drums, intact capacitors, or related 

equipment that could potentially contain PCBs, liquids, or free product cannot be placed in the 

Building 71 OPCA or the Hill 78 OPCA and, if excavated, will be sent to an off-site 

treatment/disposal facility.  

The Consent Decree requires GE to reserve a total capacity of 50,000 cy of material for the 1.5-

Mile Reach Removal Action in the OPCAs. For purposes of on-site consolidation, existing soil 

and sediment PCB data for Phase 1/Phase 2 Transition of the 1.5-Mile Reach were evaluated to 

allow designation for consolidation in either the Building 71 OPCA or the Hill 78 OPCA. Below 

the Elm Street Bridge, it has been assumed that TSCA-classified material would continue to be 

consolidated on-site at the Building 71 OPCA and non-TSCA-classified materials would be 

transported for off-site disposal. This evaluation process is described below. 

For material to be disposed of in GE’s OPCAs, the primary criterion for assigning material 

between the two classifications, TSCA and non-TSCA, is whether the average PCB 

concentration is above or below 50 ppm. Material with average PCB concentrations above 50 

ppm is designated for disposal at the Building 71 OPCA, and material with average 

concentrations below 50 ppm PCBs is designated for disposal at the Hill 78 OPCA or at off-site 

disposal facilities. In the evaluation made for the Phase 1/Phase 2 Transition Area, PCB 

analytical results were generally averaged at each sample location, using data down to the 

proposed depth of excavation. However, in certain cases where anomalously high concentrations 

were observed at a discrete sample depth, such as at the surface, these data were evaluated 

separately and not averaged with the remainder of the data at that location. The area represented 
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by each average PCB concentration was then designated as TSCA or non-TSCA. The area was 

generally defined as a rectangle centered upon the sample location and extending to the mid-

point to adjacent sample locations. Sediment samples were bound by the riverbank toe of slope 

elevation of 971 feet, which delineates the river/riverbank interface. The designations for on-site 

consolidation, referred to as TSCA (Building 71) and non-TSCA (Hill 78 or off-site), are shown 

on the drawings of the draft final design submittals for Phase 2. 

TCLP sampling results obtained during the EE/CA did not indicate that any soil or sediment 

within the Phase 2 Area would be classified as RCRA hazardous. As discussed in Section 2.3.7 

of the EE/CA report, 28 samples were collected and analyzed for TCLP. Of the samples, only 

one sample failed TCLP for lead. This sample is located at Transect 172 and is not located within 

Phase 2. Based on this information, it has been determined that no RCRA wastes are present in 

Phase 2. 

Although the disposal location of the majority of the material generated in the Phase 1/Phase 2 

Transition Area will be based on existing data, there may be a need to collect additional data to 

properly characterize certain material. The same rationale will apply to any material sampled 

during the removal action. Material with average PCB concentrations greater than 50 ppm will 

be disposed of at the Building 71 OPCA, and material with average concentrations less than 50 

ppm will be disposed of at the Hill 78 OPCA. 

For the Phase 2 area below Elm Street, a portion of the excavated material, including all material 

identified as TSCA (>50 ppm PCBs) based on in-place data, will be disposed of at the GE 

OPCA. Material is identified as TSCA based on identification of discrete sample points above 50 

ppm. No averaging of points above 50 ppm PCBs will be conducted. The material identified as 

non-TSCA (<50 ppm PCBs) based on in-place data will be disposed of at either the GE OPCA 

(Hill 78), or at an off-site disposal facility. This is due to the fact that a maximum of 50,000 cy of 

material is allowed to be placed in the GE OPCAs. It is intended that all the material pre-

identified as TSCA on the project will be disposed at the GE OPCA. Therefore, some amount of 

non-TSCA material less than 50,000 cy, but likely greater than 25,000 cy, will be able to be 

placed in the GE OPCA. Based on an estimated total project excavation amount of 

approximately 100,000 cy, some non-TSCA material will have to be disposed off-site. 
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Some areas identified as potentially non-TSCA, based on in-situ data from the EE/CA and the 

supplemental sampling programs, will be subjected to further in-situ sampling in order to pre-

characterize them for off-site disposal based on specific disposal facility requirements. This is 

being done to minimize the need for post excavation sampling of this material; thereby saving 

space for stockpiling and streamlining the off-site disposal process. Material identified by 

existing in-situ data as potentially non-TSCA that is above or below TSCA material will require 

post-excavation stockpile sampling for off-site disposal. If additional in-situ sampling or post-

excavation sampling of potentially non-TSCA material (as identified by the EE/CA data and 

supplemental investigations) shows PCB concentrations greater than 50 ppm PCBs, then this 

material will be designated TSCA and disposed in the GE OPCA. All cobble material excavated 

from the riverbed in Phase 2 will be disposed at the GE OPCAs (both non-TSCA and TSCA). 

Research conducted into candidate off-site disposal facilities’ acceptance criteria indicates the 

following categories for PCB levels: 

PCB Concentration Disposal Category 

 < 50 ppm PCBs Non-TSCA Disposal 

>= 50 ppm PCBs TSCA Disposal 

 
The overall goal for off-site disposal will be to minimize the off-site disposal of TSCA material. 

Excavated material will be stockpiled according to procedures similar to those used for 

stockpiling of materials excavated for on-site disposal. These specific procedures will be 

determined during Phase 2 construction as a result of discussions with the approved off-site 

disposal facilities. 

2.2.2.8 Criteria for Wood and Debris Handling 

Trees and brush that have not come in contact with the ground surface or the river will be 

chipped and used as ground cover at the GE OPCAs or chipped into box trailers and hauled off-

site for incineration at an approved off-site disposal facility. Some of the chips may be used as 

mulch on-site as part of site restoration activities. Chips shall not be used as mulch at off-site 

locations.  
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Logs, stumps, roots, brush, rotten wood, and other refuse from the clearing and grubbing 

operations that have come into contact with the ground surface will be stockpiled in the 

designated stump stockpile areas, sliced or chipped to a maximum 4-foot size, and disposed of at 

the GE OPCAs or at appropriate off-site disposal facilities (maximum particle size typically 3 

feet).  

All debris generated during the clearing and grubbing and excavation activities will be stockpiled 

based on the classification of the area from which it was generated (i.e., TSCA or non-TSCA), 

processed as necessary for size considerations, and disposed in the appropriate GE OPCA based 

on its classification as TSCA or non-TSCA. If significant quantities of metal debris are 

generated, the debris will be staged and decontaminated for off-site disposal as scrap. 

2.3 MONITORING ACTIVITIES 

Monitoring is required to determine potential environmental impacts from construction activities 

on the local population, nearby structures, and the river, and to comply with project ARARs. 

Required monitoring activities are specified in Specification Section 01410 in the final design 

submittal. Brief descriptions of the monitoring activities to be conducted during construction are 

presented in the following subsections. 

2.3.1 Air 

Air monitoring requirements are based on the need to address potential risks posed by exposure 

to airborne PCBs in areas adjacent to the construction activities. The requirements for air 

monitoring include monitoring of ambient air for particulates (PM10), and monthly ambient air 

sampling for PCBs. The means and methods for conducting this monitoring are described in 

Specification Section 01410. Ambient air monitoring during construction will be conducted at a 

number of locations around and near the construction area while construction activities are 

occurring. The exact number and location of the monitoring points will vary as construction 

moves down the river but will typically include two locations on each side of the river and one 

background location. Sampling locations will be placed at the work perimeter. 
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The following concentrations of PCBs and particulates in ambient air are to be used as 

notification/action levels: 

 PCBs. 

− Notification Level [time weighted average (TWA)] – 0.05 µg/m3 (24 hr). 
− Action Level (TWA) – 0.1 µg/m3 (24 hr) 

 
 Particulates (PM10).  

− Notification Level (TWA) – 120 µg/m3 (10 hr).  
− Action Level (TWA) – 150 µg/m3 (10 hr).  

 
The PM10 notification levels are slightly more conservative than the National Ambient Air 

Quality Standards (NAAQS) for PM10 to allow for notification to the Government before action 

levels are exceeded. If action levels are exceeded for either PM10 or PCBs, the Government will 

be notified immediately, and an evaluation of construction activities will be conducted to 

determine potential corrective measures. 

2.3.2 Water 

Water column monitoring will be conducted at four locations on the river during construction. 

Details of the water column monitoring program are provided in Specification Section 01410 and 

the Monitoring Plan. The following table summarizes the water column monitoring plan. 

Water Column Monitoring Program Summary 

Location 
PCBs (total and 

dissolved) TSS Temperature Turbidity Stage 

Newell Monthly + 5 events Monthly + 5 events Monthly + 5 events  Twice Monthly + 5 
events 

Lyman Twice Monthly + 5 
events 

Twice Monthly + 5 
events 

Twice Monthly + 5 
events Daily  

Elm*    Daily*  

Pomeroy* Twice Monthly + 5 
events 

Twice Monthly + 5 
events 

Twice Monthly + 5 
events Daily* Twice Monthly + 5 

events 

 
*NOTE: Once construction activities reach within 300 feet of the turbidity monitoring station at the Elm Street 

location, it will be moved to the Pomeroy Avenue monitoring/sampling station. 
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In addition, monitoring may be performed at the Newell Street, Lyman Street, and Elm 

Street/Pomeroy Avenue monitoring stations for total and dissolved PCBs and TSS during 

approximately five specific events. For example, monitoring may be performed during the 

following: a high flow event, an excavation of non-aqueous phase liquid (NAPL)-impacted 

sediments, sheet pile installation, or sheet pile removal. Stage measurements will also be taken 

during each of the specific events. 

Water column monitoring will be conducted in accordance with the Field Sampling Plan (FSP) 

(WESTON, 2001, 00-0566). 

The following action levels will be used for PCBs and turbidity in the water column: 

 Total PCBs—Downstream (Pomeroy Avenue) ≥ Upstream (Lyman Street) + 5 µg/L. 

 Turbidity—Downstream (Elm Street or Pomeroy Avenue) ≥ Upstream (Lyman Street) + 50 
nephelometric turbidity units (NTU) (Daily Average). 

Readings indicating exceedances of these limits will be reported immediately to EPA, and an 

evaluation of construction activities will be conducted to determine potential corrective 

measures. 

This water column monitoring protocol is based on recommendations made by the Peer Review 

Panel empanelled to review the Modeling Framework Design document generated by the EPA 

Rest of River (ROR) project team. If GE terminates or modifies its current monitoring program 

for the ROR program, then EPA may supplement its monitoring activities to address concerns 

raised by the Peer Review Panel. 

2.3.3 Noise 

Noise monitoring will be conducted to meet the standards established in the City of Pittsfield 

Noise Ordinance. Noise levels produced by construction activities will be kept at or below a 65-

decibel average (dBA) at the site perimeter over the course of a workday. Instantaneous noise 

levels will also be monitored. Noise monitoring will be conducted at the perimeter of the parcel 

where construction activities are being completed.  
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Readings indicating exceedances of the 65-decibel daily average will be reported immediately to 

EPA, and an evaluation of construction activities will be conducted to determine potential 

corrective measures. Instantaneous exceedances or complaints from nearby residents will be 

evaluated accordingly for potential corrective actions. 

2.3.4 Vibration 

Vibration monitoring will be conducted in accordance with Specification Section 01410. 

Vibration monitoring will be conducted at the following locations:  

 103 Elm Street, Elm Street Laundromat. 

 103 Elm Street, Elm Street Self Car Wash. 

 37 Elm Street, Harry’s Supermarket and Billboards. 

 Elm Street Bridge. 

 50-60 Elm Street. 

 Utilities along High and Caledonia Streets (to be identified on a site walk to be conducted by 
the General Contractor prior to the start of work). 

 Gabion baskets installed by GE during a previous remediation along the west bank of the 
river. 

 139 Deming Street (Wahconah Welding). 

 19 Dawes Avenue (Dawes Avenue Variety). 

 Dawes Avenue Bridge. 

 198 Appleton Street (Garage immediately downstream of Dawes Avenue Bridge on east 
bank). 

At a minimum, vibration monitoring will be completed during any sheet piling activities 

completed within 200 feet of the structures listed above. Vibration monitoring may also be 

implemented during other intrusive and high-impact activities such as excavation and backfill 

compaction. 

The vibration monitoring device(s) will be installed at each of the structures listed above to 

monitor the peak particle velocities (PPV) of ground vibration due to the sheet pile installation 
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and extraction work. The monitoring device will be capable of continuous monitoring of PPV 

during sheet pile installation/extraction. Based on the evaluation of a weekly data download, if 

the monitored PPV are shown to have exceeded 2 inches/second at any time, EPA/CENAE will 

be notified immediately. 

2.3.5 Settlement 

Settlement monitoring will be performed in Phase 2 in accordance with Specification Section 

01410. Settlement monitoring will involve surveying the elevations of certain structures near 

construction activities both before construction work starts and after construction work is 

completed. The two surveys will be compared, along with evaluation of other monitoring data 

and conditions, to determine potential impacts to structures that have resulted from the 

construction work.  

Three survey points shall be established on each of the following structures: 

 Building A: 10 Lyman Street. 

 Building B: 55 Root Place. 

 Building F: 103 Elm Street, Elm Street Laundromat. 

 Building G: 14 Hathaway Street, Residence and In-Ground Pool. 

 Lyman Street Bridge. 

 37 Elm Street, Harry’s Supermarket and Billboards. 

 103 Elm Street, Elm Street Self-Car Wash, including three vacuums at the top of bank. 

 41 Root Place. 

 48 Root Place. 

 50 Root Place. 

 50-60 Elm Street. 

 Elm Street Bridge. 

 Flow Deflection Structure for Culvert downstream of the Elm Street Bridge. 
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 Utilities along High and Caledonia Streets (to be identified on a site walk to be conducted by 
the General Contractor prior to the start of work). 

 Gabion baskets installed by GE during a previous remediation along the west bank of the 
river. 

 139 Deming Street (Wahconah Welding). 

 19 Dawes Avenue (Dawes Avenue Variety). 

 Dawes Avenue Bridge. 

 198 Appleton Street (Garage immediately downstream of Dawes Avenue Bridge on east 
bank). 

 

2.3.6 Conditions Monitoring (Videotaping) 

Conditions monitoring in Phase 2 will be conducted prior to construction and after construction 

is completed, in accordance with the requirements of Specification Section 01410. The 

conditions monitoring survey will involve videotaping foundations, structures, windows, doors, 

and walls to document evidence of warping, cracking, or other types of failure.  

The following buildings/structures are to be included for conditions monitoring surveys: 

 Building A—10 Lyman Street. 

 Building B—55 Root Place. 

 Building F—103 Elm Street, Elm Street Laundromat. 

 Building G—14 Hathaway Street, Residence and In-Ground Pool. 

 Lyman Street Bridge. 

 37 Elm Street, Harry’s Supermarket and Billboards. 

 103 Elm Street, Elm Street Self-Car Wash, including three vacuums at the top of bank. 

 41 Root Place. 

 48 Root Place. 

 50 Root Place. 

 50-60 Elm Street. 
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 Elm Street Bridge. 

 Flow Deflection Structure for Culvert downstream of the Elm Street Bridge. 

 Utilities along High and Caledonia Streets (to be identified on a site walk to be conducted by 
the General Contractor prior to the start of work). 

 Gabion baskets installed by GE during a previous remediation along the west bank of the 
river.  

 Support and access areas located on Parcels I8-4-2, I8-4-3, and I8-4-4 (107 Deming Street), 
Parcel I8-4-6 (87 Deming Street), and Parcel I8-4-7 (Deming Street). 

 87 Deming Street. 

 107 Deming Street. 

 139 Deming Street (Wahconah Welding). 

 19 Dawes Avenue (Dawes Avenue Variety). 

 Dawes Avenue Bridge. 

 198 Appleton Street (Garage immediately downstream of Dawes Avenue Bridge on east 
bank). 

 
In addition, videotaping will be performed on the east and west banks of the Housatonic River 

from the Lyman Street Bridge to the Pomeroy Avenue Bridge. 

2.4 WATER TREATMENT AND CONVEYANCE 

2.4.1 Excavation and Riverbed Dewatering 

For cell dewatering, an approach similar to that used in the Upper 1/2-Mile Removal Action and 

Phase 1 of the 1.5-Mile Removal Action will be used. A series of small pumps will be used to 

dewater specific areas within the work cells, pumping seepage to larger sumps/pumps. The larger 

pumps will feed the conveyance lines that deliver water to the water treatment system (WTS). A 

pumping capacity of approximately 400 gallons per minute (gpm) is estimated for the dewatering 

system. 

In the event the pumping capacity is exceeded, the work cells will be divided up into smaller 

isolated work cells to control seepage. The appropriate distances for shortening the work cells 
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will be determined in the field at the time of construction. This will result in a more manageable, 

decreased volume of seepage to be removed from each individual containment cell. 

2.4.1.1 Infiltration 

An analysis was conducted to evaluate the potential for significant groundwater seepage into the 

restored areas of the river upstream of the active cell and how such seepage would be handled. 

WESTON previously estimated the groundwater seepage into the river using the seepage flux 

rates obtained from the seepage meter investigation conducted as part of the EE/CA Addendum. 

The calculated groundwater seepage rate was then compared to river base flows at the Coltsville 

gauging station relative to the size of the drainage basin area for confirmation. 

As part of the EE/CA Addendum, four seepage meters were installed in the river bottom within 

the Phase 2 Reach of the Housatonic River. Figure 2.1-5 of the EE/CA Addendum shows the 

locations of the seepage meters. Unit groundwater seepage rates were calculated at each location 

based on the volume of water that accumulated in the seepage meter over a known length of 

time. The groundwater seepage rates ranged from 0.1 gallons per day per square foot (gpd/ft2) to 

1.1 gpd/ft2. 

To assess whether the rates measured with the seepage meters were representative of “average” 

groundwater conditions, monthly groundwater elevations from a monitoring well located 

adjacent to the river just below the Lyman Street Bridge (LS-34) were plotted versus time. The 

resulting graph is attached as Figure 2-4.1. The average groundwater elevation during that time 

was 972.25 feet amsl. The seepage meters were sampled in late June/early July 2000, which 

corresponds with a groundwater elevation of about 972.75, and is approximately one standard 

deviation above the mean. Thus, the seepage rates calculated based on the seepage meter data 

represent a greater than average rate and can be used with confidence to predict the “average” 

seepage rates into the river.  

To estimate the total groundwater seepage into the Phase 2 Reach of the Housatonic River, that 

reach was further broken down into six subreaches based on river morphology and geologic 

conditions. The six subreaches correspond to those developed during the EE/CA. The 

dimensions of the flow area (distance, width, and depth) were estimated from the topographic 
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data and an inspection of the reach during base flow conditions in late fall. The flow area was 

calculated as the width of the river, plus twice the depth, times the length and was calculated for 

each subreach as shown on Table 2-4.1. The flow area was multiplied by the seepage rate 

selected for each subreach. For subreaches that did not have direct measurements taken, 

estimates were made using the other seepage meter data, based on a comparison of substrate 

texture and thickness. A value of 1.1 gpd/ft2 was substituted for the calculated value at seepage 

meter SM03, corresponding to the highest value measured in the river. The resulting seepage 

flow rates for each subreach were totaled to calculate the groundwater inflow for the full extent 

of the Phase 2 project, which is 65 gpm. It must be noted that this groundwater seepage rate 

assumes water flow in the river. A safety factor must be applied to compensate for the fact that 

the river will be diverted during the sediment removal and thus the hydraulic gradient in the 

vicinity of the river will be increased until equilibrium conditions are re-established. A safety 

factor of 2X is believed to be sufficient, resulting in an expected flow rate of less than 130 gpm 

for the entire second reach.  

To verify the calculated groundwater seepage rates for the full length of the Phase 2 Reach, base 

flow conditions at the Coltsville gauging station were examined. Base flow (that portion of the 

river discharge that corresponds only to groundwater seepage) at the Coltsville station is on the 

order of 15 to 25 cfs based on the 60+ years of record at that location. The area of the drainage 

basin that flows to that point of the river is 58 square miles and much of that area is rural or 

undeveloped. Thus, the ratio of base flow to drainage area is 0.25 to 0.4 cfs per square mile of 

drainage basin area. The Phase 2 Reach of the Housatonic River has a drainage area of 

approximately less than 0.5 square miles. Relating that to the data from Coltsville would suggest 

a base flow of 0.1 to 0.2 cfs, or 50 to 90 gpm, however, since much of the drainage area for 

Phase 2 is landscaped lawn, roofs, and paved areas, runoff would be expected to be greater and 

groundwater seepage to be less. Thus, the estimated groundwater seepage value of 65 gpm 

appears reasonable and a design rate of 130 gpm would be sufficiently conservative. 

2.4.1.2 Stormwater Runoff 

Following initial calculation of the runoff (see Appendix A for these calculations), storm drain 

inflows, and groundwater infiltration into the second reach, a qualitative analysis of the 
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feasibility of pumping these inflows was performed. Based on the large difference between the 

ongoing groundwater infiltration estimated (< 1 cfs for the entire reach, to occur during wet and 

dry periods) and the intermittent storm flows (17 cfs total, overland runoff and storm drains, to 

occur during storm events only), the greater of the two flows (17 cfs) was considered as the 

limiting factor with respect to feasibility.  

In general, the concept for pumping of the infiltration and runoff used for this analysis is as 

described in this paragraph. As the active excavation progresses downstream of the dam location, 

both the active excavation and the remediated portion of the river upstream of the active work 

area will require dewatering. The active excavation will require dewatering and pumping to the 

water treatment plant for treatment (the setup for pumps, sumps, and piping would be similar to 

the concept used for the first phase design). For remediated areas upstream of the active work 

area, stormwater and infiltration water that accumulates in these areas would be considered 

clean. As such, it would either be pumped upstream to a point above the dam, so that the gravity 

feed river diversion system would convey the water along with river water through the bypass 

system, or the water would be pumped to a point immediately downstream of the active 

excavation cell. 

Pumping the water directly into the main diversion pipeline was considered; however, this 

configuration would subtract from the capacity of the gravity bypass system. This scenario 

would risk increasing the probability of overtopping the dam due to the lost system capacity at 

the dam. 

Upstream of Elm Street, the natural topography of the river creates a pool between the dam 

location and Elm Street. Therefore, runoff entering this area would have time to accumulate 

before it overflows to a point beyond Elm Street. The maximum runoff flow based on the 15-

minute intensity for this area is approximately 5 cfs. This volume of water could easily be 

pumped using a 12-inch submersible electric pump (it is recommended that at least two pumps 

be used on-site to add redundancy and flexibility for pumping varying flows). The water 

accumulating at this area could either be pumped upstream of the dam or downstream of the 

active work area. 
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Immediately downstream of Elm Street, two large-diameter storm sewers enter the river. The 

estimated flow from these two pipes using the peak 15-minute intensity rainfall is 5 cfs. To 

isolate this flow from the active work zone, interim cofferdams would be installed. The flow 

would then be pumped to a point just downstream of the active work zone. As work progresses 

downstream beyond the two large-diameter storm sewers, there are multiple stormwater inflows 

ranging from 0.1 to 1.5 cfs throughout the rest of the second phase. These flows could be 

handled individually using a series of cofferdams located throughout the remediated portion of 

the river. This method is considered feasible because as the active work zone progresses 

downstream, the completed riverbed will have been designed and constructed to handle much 

greater flows than those encountered from just the local storm inflows. Upon completion of the 

reach, all interim cofferdams would be removed so that no obstructions remain. 

The locations of the cofferdams will be selected based on riverbed topography, anticipated runoff 

points and overland flow areas, and access. These access locations would be used for staging 

pumps and generators and to install and remove pumps as necessary. 

One possible risk associated with the cofferdams is the potential for washout during overtopping 

events. Because these structures are not anticipated to be particularly large or complicated, 

reconstructing them in the event of total loss would likely not significantly delay the project. 

An alternative/additional method for controlling storm sewer flows was also considered. This 

method would involve plugging the storm sewers at the last manholes located upstream of the 

discharge point. While this method may be feasible from an engineering/construction 

perspective, the administrative feasibility for this option would take considerable time to 

evaluate. This option would require (in the worst case) shutting down roads and running storm 

flow pipes along the surface of roads to points where the river could be accessed for discharge 

downstream of the active work zone or upstream of the dam. Any option requiring modification 

of City utilities would require approvals/permits from the City. Additional evaluation of the 

manholes, including condition, accessibility, and ability to pump from them, would need to be 

performed. In addition, there is increased risk of flooding of City streets and potentially other 

structures if pump failure occurs while manholes are plugged. Despite these concerns, this option 
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will continue to be considered for various areas of the site, as appropriate, as the design and 

construction progresses. 

2.4.2 Water Conveyance 

Water pumped from the active excavation cell will be conveyed by high-density polyethylene 

(HDPE) or other suitable piping starting at the discharge line from the main dewatering pump 

and ending at the WTS storage tank. Based on an anticipated flow rate of 400 gpm, the distances 

to be pumped, and the elevation change, a 6- or 8-inch HDPE pipe is anticipated. In general, for 

work upstream and relatively close to the Elm Street Bridge, the pipe will be installed along or 

near the top of the east bank or along the inside of the east access road between the top of bank 

and roadway footprint. It is anticipated that heavy equipment will have to work around and over 

the pipe; therefore, a 12-inch steel sleeve installed beneath the access road will be used to allow 

the HDPE pipe to cross beneath the roadway at the treatment plant. As excavation progresses, 

the HDPE pipe will be reconfigured by cutting and fusion welding at appropriate locations as 

necessary. It is also anticipated that as work progresses downstream away from the Elm Street 

Bridge, the pipe will be routed along the top of the west bank to minimize interference with work 

activities, crossing the river at the dam at Station 514+00. The pipe will need to cross under the 

Elm Street Bridge, requiring it to be within the river channel. At the discharge point from the 

WTS into the river, appropriate energy dissipation materials will be installed to mitigate erosion 

impacts. The discharge pipe is located near Station 514+00. 

2.4.3 Water Treatment System Performance Requirements 

A WTS will be required for treatment of water that drains out of stockpiled soils and sediments, 

water that is pumped out of the active excavations, and water from decontamination activities. 

The current water treatment system can treat approximately 400 gpm and has been operating 

successfully for Phase 1 of the 1.5-Mile Removal Action. No significant design changes are 

anticipated and the system is expected to continue to be operated as it is currently. Temporary 

initial storage of influent is provided by two 150,000-gallon equalization/settling tanks. From 

these tanks, water flows to the treatment system, incorporating NAPL removal, solids removal, 

and treatment for organic and inorganic contaminants as necessary to meet the discharge 
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requirements. Specification Section 11800 provides a detailed description of the performance 

requirements and discharge limitations for the system. Discharge limitations have been 

established in accordance with project ARARs and standard requirements typically imposed by 

EPA for National Pollution Discharge Elimination System (NPDES) Permit Exclusions for 

surface water discharges associated with construction.  

Treatment residuals will be collected, sampled, and disposed of as follows: 

 Settled solids–At GE OPCAs or at an off-site disposal facility in accordance with applicable 
regulations and ARARs. 

 NAPL, NAPL-saturated solids, and spent carbon–Off-site disposal in accordance with 
applicable regulations and ARARs. 

 

2.5 SEDIMENT AND SOIL REMOVAL 

2.5.1 Channel Sediment and Bank Soil Volume Estimates 

2.5.1.1 Excavation and Backfill Volume Estimates 

The following discussion summarizes the calculations performed for estimating the volume of 

excavation and backfill based on the proposed restoration plan in the Phase 2 Final design 

submittals. Tables 2-5.1a and 2-5.1b summarize the final estimated excavation and backfill 

volumes in Phase 1, the Transition Area, the First 600 Feet, and the remainder of Phase 2 to 

Station 543+50. The tables are more generally broken down into two main categories; Lyman to 

Elm, which includes Phase 1 and the Transition Area; and Elm to Dawes, which includes the 

First 600 Feet, and the remainder of Phase 2. The volume calculation steps were as follows: 

 Use cross-sections generated by WESTON showing existing grade and proposed final grade 
at approximately 50-foot intervals. 

 Using AutoCAD, calculate the cross-sectional area for the proposed excavation (between 
existing grade and proposed excavation invert) and the proposed backfill (from proposed 
excavation invert to final grade) at each station. 

 Calculate the volume by using the average end area method used in the EE/CA for 
calculating the volume of excavation and backfill. The calculations involve averaging the 
two end areas for a given river section and then multiplying the averaged area by the length 
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of the river section between the subject cross-sections. Calculations are performed using MS 
Excel. In some cases, the length of the river is adjusted to account for the effects of the bends 
in the river. 

 Additional cut and fill volumes were included for excavations beyond the standard 3-foot 
remediation such as deeper residential cuts at banks that are described in plan view . 

Table 2-5.1a includes the estimated in-place excavation volumes and the excavation volumes 

with a 10% overexcavation factor added. Detailed calculations for the Transition Area along the 

river, the First 600 Feet, and the remainder of Phase 2 are presented in Appendix B (see Table B-

1 for the East Bank, Table B-2 for the River Sediment, and Table B-3 for the West Bank). 

Calculations presented in the Appendix B tables are “in place” volumes. A comparison of the 

estimated excavation volumes and those calculated in the EE/CA is presented in Section 2.10.2. 

Detailed calculations for Phase 1 can be found in the Phase 1 Final Basis of Design document.  

2.5.1.2 TSCA and Non-TSCA Volume Estimates  

Table 2-5.1a and the previous section describe the total volume to be excavated within Phase 1 

and Phase 2. The excavated material is designated as either TSCA or non-TSCA material. The 

TSCA volume calculations, summarized in this section, estimate the quantity of contaminated 

material that is designated as TSCA-regulated for purposes of on-site consolidation in the 

OPCAs. The following steps were taken to calculate this volume: 

 Using the drawings, obtain locations and depths of TSCA-designated material. 

 Using the plan view drawings, calculate the surface area of each TSCA-designated section. 
The surface area is calculated by obtaining the projected horizontal area (using AutoCAD) 
and then multiplying by an adjustment factor to account for the existing slope.  

 Calculate TSCA volume for each TSCA section by multiplying the surface areas by the depth 
of each TSCA-designated section as shown on the drawings.  

 Calculate total TSCA volume by adding volumes from all TSCA-designated sections. 

The total estimated TSCA regulated material for the Transition Area, the First 600 Feet, and the 

remainder of Phase 2 is 4,100 cy (4,500 with 10% overexcavation factor), approximately 13% of 

the total excavated volume for Phase 2. The remaining 27,800 cy (30,500 with 10% 

overexcavation factor) of excavated materials (31,900 – 4,100 = 27,800) are classified as non-

TSCA. These quantities are broken down by the three design submittals provided for Phase 2 and 
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summarized in Table 2-5.1b. In addition, Table 2-5.1b provides the TSCA and non-TSCA 

quantities for Phase 1, which extended to Station 514+00.  

2.5.2 Bank Soil and Channel Sediment Removal 

This section describes the general proposed sequence for the removal of the bank soil and 

channel sediment for Phase 2. The criteria for and extent of the soil and sediment designated for 

removal are described in Section 2.2.2 and Section 2.5.1.  

Section 2.2.2 provides the rationale and criteria for the excavation depths shown on the drawings 

and Section 2.5.1 presents the limits of the in-water excavation and describes the division of the 

bank soil and channel sediment. The removal of bank and channel materials is part of the overall 

construction sequence. At the beginning of Phase 2, where the diversion dam is installed, bank 

soil and sediment removal will be accomplished within sheet pile cells in a manner identical to 

Phase 1. However, restoration of portions of these two cells (Cells 11 and 12 as identified in the 

Phase 1 design) will be sequenced with, and in some cases completed after, dismantling and 

demobilization of the diversion system at the end of the Phase 2 work. This mainly includes the 

area where the dam is located. Riprap backfill will be installed and maintained in the area around 

the dam as shown on the design drawings. As appropriate, additional riprap will be added to 

achieve required restoration elevations once the superstructure is removed. Structures in or 

below the riverbed associated with the dam will remain in place after completion of the work to 

minimize disruption of restored areas during demobilization of the gravity diversion system and 

dam.  

The sequence of bank soil and channel sediment removal in standard Phase 2 work cells will 

proceed generally as follows: 

 Install diversion dikes at upstream and downstream ends of cell as necessary. 

 Dewater containment cells. Install and maintain dewatering of upstream restored areas to 
control stormwater and infiltration and maintain static level below upstream diversion dike. 

 Remove bank soil and channel sediment on one side of channel. Work to be completed from 
the channel in most cases. 

 Consider backfilling this side of the channel prior to relocating the diversion piping. 
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 If diversion piping is located in channel, move piping to other side of channel. 

 Remove bank soil and channel sediment on other side of channel. 

 Backfill and armor one side of the channel and bank, including plantings as appropriate. 

 Move piping back to other side of channel. 

 Backfill and armor second side of the channel and bank (if not already performed) including 
plantings as appropriate.  

 Remove upstream diversion dike and allow cell to flood – move to next cell. 

 
Note that work in the Transition Area will be conducted from the west bank or in the channel. 

No equipment will be able to work from the top of the bank on Parcel I8-23-6. For the remaining 

parcels on the east bank in the Transition Area, only backfilling will be allowable from the top of 

bank. It is anticipated that habitat enhancement structures will be installed following completion 

of all areas in Phase 2 to minimize interference with relocation of the 54-inch pipes and 

construction traffic in the river. 

2.5.3 Environmental Controls  

Environmental controls implemented during installation of sheet pile and sheet pile cells, H-

Piles, the dam, piping, and excavation within the cells will generally be consistent with those 

applied during the implementation of Phase 1 of the 1.5-Mile Removal Action and Project 

ARARs. The main objective of environmental controls is to minimize the amount of 

mobilization and transport of PCBs from the construction area either into ambient air or 

downstream via resuspension in the water column. In addition, impacts to adjacent structures in 

terms of settlement or structural damage are to be monitored. Construction activities will be 

conducted to minimize the potential for mobilization of PCBs in the river water or ambient air. 

To mitigate potential scour and resuspension of PCB-contaminated sediment in the vicinity of 

the sheet pile cell walls or the individual work cells, temporary erosion control measures may be 

implemented consisting of placement of riprap or articulated concrete mats adjacent to portions 

of the walls and dams most susceptible to scour (see Section 2.5.5). In addition, monitoring of 

ambient air and the river water column will be conducted during construction activities, as well 

as selective monitoring of adjacent structures for settlement or damage. If air or water column 
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sampling results exceed thresholds identified in the specifications, the Government will be 

notified and evaluation of construction activities will be conducted to determine potential 

corrective measures. 

2.5.4 Boulder and Cobble Washing and Reuse 

In an effort to reduce transportation and disposal costs, as well as backfill costs, boulders and 

cobbles within the Phase 2 Reach were evaluated for washing and reuse. To test the feasibility of 

washing cobbles and boulders, a cobble washing pilot study was performed.  

Ten boulders/cobbles were excavated from areas within Phase 2 between Elm Street and Dawes 

Avenue and utilized for the pilot test. Each rock was sampled for total PCBs prior to washing in 

accordance with the approved cobble washing work plan. The sampling showed very low or no 

detections of PCBs on the surface of the cobbles. Due to the difficulty of proving that high 

pressure washing would actually be effective when there were very low PCB concentrations 

beforehand, the pilot test was suspended and a new plan for potential reuse of the cobbles was 

implemented.  

Because of the uncertainty of the ultimate use of the cobbles and the timing of cobble generation, 

it was decided that during Phase 2 excavation, areas of non-TSCA cobble material would be 

separately stockpiled and accumulated so that more accurate estimates of the cost to process this 

material could be prepared. 

At the conclusion of the First 600 Feet of excavation of Phase 2, approximately 1,100 cy of 

materials had been stockpiled separately for potential washing and reuse. Based on this, it was 

estimated that a total of 3,000 to 5,000 cy of material would be accumulated throughout Phase 2, 

of which approximately 50% was assumed to be material in the 2- to 10-inch range. Using the 

upper end of this estimate, cobble screening, washing, and crushing estimates were generated 

and compared to the cost of off-site disposal and the cost to import common fill material. This 

analysis showed that the cost to process the cobble material would be greater than the cost 

savings on disposal and fill material. In addition to this purely economic conclusion, other 

factors were considered that could increase the cost to process the cobbles and the associated 

risks. These factors included the following: 
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 A large storage area would be required on GE property for 1 to 1.5 years. This area would 
need to be paved. Purchase and maintenance of a large number of additional tarps would be 
necessary for the stockpile. 

 A stockpile runoff collection system would have to be constructed because runoff would not 
be permitted to enter GE storm drains. Collected water would need to be transported to the 
SES Water Treatment Plant for treatment. 

 A sampling program would be required for the processed material to verify residual PCB 
levels. A slight risk would remain that some of the material could contain PCBs at levels that 
would not allow reuse as common fill on the project.  

 Coordination between the cobble material processing and 1.5 Mile Reach Removal Action 
construction activities would be necessary to ensure the processed material could be used 
effectively and in a timely manner. It is uncertain whether the need for and ability to use the 
processed material will coincide with its production.  

 
Considering the lack of cost savings and potential additional costs and risks associated with the 

cobble material, the option of on-site processing and reuse of the cobble material has been 

eliminated from further consideration (see Technical Memorandum “Phase 2 Cobble Handling 

and Disposal Evaluation,” 22 April 04, DCN: GE-042204-ACDT).  

2.5.5 Short-Term, In-River Erosion Control During Construction 

Short-term, in-river erosion control consists of use of soil surface erosion and sediment control 

materials, stormwater control materials, and stormwater pollution prevention control materials 

including silt fence, straw bale barriers, armoring, reinforced polyethylene sheeting and 

miscellaneous related work. This includes activities necessary to minimize erosion during 

overtopping events, where the river flow exceeds the capacity of the gravity diversion system for 

a sufficient period of time to require temporary removal of the diversion dam. In addition, 

diversion dikes and/or berms will be used to isolate the active work areas from upstream restored 

areas and downstream unremediated areas. Other short-term erosion controls include temporary 

protection around the containment cells and rock outlet protection. The short-term in-river 

erosion control components are described in Specification Section 02370 - Storm Water and 

Erosion Control: In-River Work. 

Areas requiring stormwater and temporary erosion control protection include: 
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 Riverbanks after restoration at elevations above the top-of-armor (riprap). 

 The active work area within the diversion dikes/berms. 

 Areas around the active work cells. 

 Areas where riverbank overtopping may occur because of local increases in river stage 
associated with flow constriction caused by the diversion dam or increased river height 
during impoundment of water upstream of the diversion dam. 

 Areas where overland flow into the river from areas outside the top of the riverbanks has 
resulted in local erosion. 

 Areas that receive discharge from stormwater outfalls terminating in the work area. 

 The discharge point of the diversion piping where diverted river water is discharged back 
into the river.  

 The following subsections describe specific techniques to be used for in-river erosion 
control, including activities necessary to prepare for overtopping, and guidelines for when 
those activities will occur. 

2.5.5.1 Silt Fences 

Silt fences provide a temporary structure to minimize erosion and sediment runoff. Silt fences 

retain sediment in areas where erosion would occur in the form of sheet and rill erosion (e.g., 

clearing and grubbing, excavation, embankment, and grading). 

2.5.5.2 Straw Bales 

Straw bales are placed to retain sediment after completing each phase of work (e.g., clearing and 

grubbing, excavation, embankment, and grading) in each independent runoff area (e.g., after 

clearing and grubbing in an area between a ridge and drain, bales shall be placed as work 

progresses; bales shall be removed/replaced/relocated as needed for work to progress in the 

drainage area). Rows of bales of straw are placed in areas such as the following: 

 Along the downhill perimeter edge of disturbed areas. 

 Along the top of the slope or top bank of drainage ditches, channels, or swales that traverse 
disturbed areas. 

 Along the toes of all cut slopes and fill slopes of the construction areas. 
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 Perpendicular to the flow in the bottom of existing drainage ditches, channels, or swales that 
traverse disturbed areas or carry runoff from disturbed areas. 

 Perpendicular to the flow in the bottom of new drainage ditches, channels, and swales. 

 At the entrance to culverts that receive runoff from disturbed areas. 

2.5.5.3 Diversion Dikes 

Diversion dikes and berms provide a temporary structure to reroute surface flows during 

construction, and are also to be used to temporarily isolate active work areas. Diversion dikes or 

berms to be used will be described in detail in pre-construction submittals provided for 

Government approval. Clean, off-site material will be used for construction of the diversion 

dikes. To prevent contact with existing soils, a layer of geotextile will be placed under the 

diversion dikes. 

2.5.5.4 Temporary Erosion Controls 

Temporary erosion controls may be placed in specific areas around the work cells where erosion 

is expected or is observed to be occurring. The temporary erosion controls will be used to 

minimize the scour and erosion of riverbed material during construction. Temporary erosion 

controls will consist of placement of a riprap layer around areas prone to scour, and then 

removing and pressure washing the riprap for reuse. 

2.5.5.5 Rock Outlet Protection 

Rock outlet protection is a temporary structure consisting of riprap, concrete blocks, and other 

appropriate materials that are used to minimize downstream erosion by reducing the velocity and 

energy of concentrated water flow as it is discharged into the river. Rock outlet protection is 

required for existing and rerouted stormwater outfalls, and for the work cell dewatering outlet at 

locations adjacent to the work cells. 

2.5.5.6 Preparation for Overtopping 

Preparation for overtopping will commence at the latest when river flows are first observed to 

exceed the capacity of the gravity diversion system. River flows will be monitored based on 
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constant measurement via transducer of river stage at the stop log dam located at Station 514+00. 

Simultaneous monitoring of the Coltsville gaging station will be conducted to anticipate the 

downstream river response. Preparation for overtopping will include but not be limited to 

removal of construction equipment, securing or removal of diversion dikes, and protection of 

exposed excavated areas to minimize erosion. 

2.5.6 Control of Out-of-River Storm Flow Sources 

Areas of the banks, as well as existing outfalls, have been identified within Phase 2 as being 

potential sources of storm flows that could impact the river and the active work cells during 

construction. The primary and critical objective will be to control water inflow into restored 

areas upstream of the active work cell, by pumping water from this area and discharging it 

downstream below the work cell. The 65% Water Diversion Design for Phase 2 evaluated storm 

flows into the river and developed an estimate of the maximum potential inflow of 17 cfs. 

Sufficient pumping capacity will be necessary to handle this flow to ensure that inflows upstream 

of the active work cell do not result in overtopping of the upstream diversion dike.  

In terms of erosion, surface inflow and movement of associated solids into the river from banks 

and adjacent areas will be controlled using hay bales and silt fences as necessary. Swale-type 

areas along the banks will be addressed as necessary with placement of filter fabric and rock for 

stabilization during and after construction. Swales and areas of significant erosion within the 

proposed area will be excavated to the required depths and backfilled with filter fabric and 18-

inch riprap. Outfalls will be individually addressed as they intersect the construction area through 

collection and rerouting of flows away from the containment cell areas. 

2.6 GEOTECHNICAL ANALYSES 

Geotechnical analyses included the evaluation of geotechnical test boring logs and laboratory test 

data, slope stability analyses, the design of temporary and permanent retaining walls, and the 

design of soil filter layers. A discussion of each item is presented in the following subsections. 

Relevant calculations are presented in Appendix C.  
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2.6.1 Assessment of Subsurface Geotechnical Information 

Geotechnical investigations, i.e., test borings completed within the limits of Phase 2 between 

mid-1999 and mid-2002, were reviewed along with laboratory test data in support of the various 

geotechnical analyses completed. The test boring logs and laboratory test data are presented in 

the Pre-Design Summary 1.5-Mile Removal Action – Phase 2, DCN: GE-050202-AAZL, July 

2002 (WESTON, 07-0109). Based on the boring logs, subsurface profiles were developed for the 

entire Phase 2 Reach. The profiles were developed to present conditions encountered on both the 

east and west riverbanks and also in the riverbed. The conditions encountered in each boring, i.e., 

blow counts and soil type, were reported on the profiles. The profiles provided a graphical 

depiction of the soil types and the general limits of the various soil types found throughout Phase 

2. It should be noted that only a limited number of in-river test borings were completed and so 

the in-river profile, in particular, may not accurately represent actual conditions. The subsurface 

profiles and boring location plan are presented in Appendix C. 

In general, on the riverbanks, the following soil types were encountered: 

 Fill—granular soils and concrete and other debris co-mingled with soil. 
 Loose sand and gravel with some silt and clay—natural. 
 Dense sand and gravel with some silt and clay—natural. 
 Dense glacial till. 
 Bedrock. 

 
Within the riverbed, the subsurface conditions varied with a distinct change in stratigraphy 

encountered at Elm Street. Upstream of Elm Street predominantly granular deposits overlying 

dense glacial till were encountered. The deposits ranged in thickness from about 10 to 30 feet. 

Downstream of Elm Street the thickness of the granular overburden soils decreased significantly. 

Because of the limited number of in-river borings completed, it is difficult to accurately 

determine the actual thickness of the overburden soils but they are estimated to range in 

thickness from a few inches to several feet. Bedrock is visible in some areas of the bed and at the 

interface between the bed and the banks. 
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2.6.2 Slope Stability Analysis 

In order to evaluate the stability of slopes throughout the Phase 2 Reach, a number of 

representative and critical cross-sections were selected and analyzed. In general, cross-sections 

were selected based on topographic relief, subsurface conditions, and proximity of structures. 

Three conditions were evaluated: existing, construction, and proposed. For sections within the 

Transition Area, only the restored condition is presented. (It should be noted that all three 

conditions were evaluated for the Transition Area as presented in the Draft Basis of Design 

(December 2002, 07-0106). It is acknowledged, however, that changes were made to many of the 

sections within the Transition Area subsequent to submission of the Draft Basis of Design. The 

changes primarily impacted the restored condition and so re-analysis of the existing and 

construction conditions was deemed unnecessary. For cross-sections located in the rest of the 

Phase 2 Reach, i.e., between Elm Street and Dawes Avenue, existing excavated and restored 

conditions were evaluated and are presented herein. A total of 24 sections were evaluated, 6 in 

the Transition Area and 18 in the rest of Phase 2. 

The selection of soil parameters (unit weight and shear strength) was correlated to N-values for 

granular soils. The total unit weight (γT) of the granular materials was based on a correlation 

presented by J.E. Bowles (1984, 99-2902). Cohesive strength was either correlated to plasticity 

parameters, assigned based on apparent cohesion due to the presence of roots, or assigned a 

nominal value based on observed field conditions. The internal friction angle (φ) for 

predominantly granular soils was based on the following equation developed by H Kishida 

(1967, 07-0019): 

°+= 1520Nφ  

An assessment of N-values was made for each cross-section and soil parameters adjusted as 

appropriate. A nominal cohesive strength was assigned to most granular soil layers to account for 

the presence of fines (silt and clay) within the various strata. 

The water level throughout the reach was estimated based on the average annual flow  

(Q = 134 cfs) elevation as determined from the USACE Hydrologic Engineering Center – River 

Analysis System (HEC-RAS) model. In consideration of the fact that the Housatonic River is a 
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gaining river and the riverbank material is generally granular in composition, it is reasonable to 

assume that the water surface elevation in the river at any time is about equal to the water surface 

elevation within the riverbanks. As the water level in the river increases, it is expected that an 

increase in the water level within and beyond the riverbanks will also occur with minimal lag 

time. For purposes of the analyses, the water level elevation was assumed to be more or less 

equal across any given cross-section. Data presented in the Final Basis of Design for Phase 1, 

DCN: GE-050302-AAZK, May 2002 (WESTON, 07-0105) supports this approach. As stated in 

the document, four monitoring wells within or in close proximity to the Phase 1 Reach indicated 

a water surface elevation between 971 and 973 feet. The base flow elevation in the river, as 

calculated from the HEC-RAS model, was determined to be about Elevation 971.5 feet upstream 

of Elm Street. Downstream of Elm Street the base flow elevation varied from Elevation 970 to 

962 feet. This drop in water surface elevation follows the change in elevation of the riverbed 

through the reach. It is assumed that the region water table also mimics the change in 

topographic relief. 

The results of the slope stability analyses are summarized in the following subsection. It should 

be noted that retaining walls were installed and slopes inclined at specific angles in order to 

avoid loss of flood storage capacity and to avoid loss of usable property at the top of the 

riverbank. These were the two primary guiding factors in selecting wall locations and slope 

angles. A further consideration was the minimizing of over-excavation of impacted materials. 

2.6.2.1 Slope Stability Analysis Results 

Six representative sections were evaluated within the Transition Area. The results of the analysis 

indicated that the proposed retaining wall and slope configurations would remain stable as 

evidenced by factor-of-safety values equal to or greater than 1.5.  

A total of 16 sections were evaluated downstream of Elm Street, eight from the east bank and 

eight from the west bank. Of the 16 sections analyzed, retaining walls were determined to be 

required at two locations. At the remaining locations, it was determined that the proposed slopes 

could be restored at inclinations of up to 1.5H:1V with factor-of-safety values equal to or greater 

than 1.4. At a number of locations below Elm Street on the west bank, restored slopes were 

required to be no steeper than 2H:1V in order to meet required safety factors. A reduced factor-
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of-safety of 1.4 was deemed to be acceptable for fill slopes (as opposed to cut slopes) and 

because the slopes are not considered critical with respect to the implications of a possible slope 

failure. As part of the Basis of Design, exact locations of retaining walls were not determined. In 

some locations, it may be feasible to place walls at points on the riverbanks that would allow 

revegetation at lower elevations. Locations are defined as part of the Phase 2 final design effort 

for the reach below Elm Street. It should also be noted that these analyses were based on an 

estimated limit of work; therefore, any changes to the limit of work that could affect walls would 

have been evaluated after these initial evaluations.  

2.6.3 Retaining Walls 

Retaining walls will be required at four locations within Phase 2, approximately Stations 514+00 

to 518+00 on the east (left) bank, Stations 519+70 to 521+68 on the west (right) bank, Stations 

523+00 to 524+24, and Stations 525+75 to 527+50 on the east (left) bank. A soldier pile and 

precast concrete panel wall was originally proposed for use within the Transition Area but 

because of cost and aesthetics, the wall type was changed to steel sheet pile with a riprap façade. 

The use of a steel sheet pile wall essentially eliminates the need to over-excavate material from 

the banks and negates concerns such as bearing capacity and settlement associated with a 

conventional concrete retaining wall.  

The east bank retaining wall will be a cantilevered steel sheet pile wall. The tip elevation of the 

wall was calculated using conventional design procedures assuming the riverbed and riverbank 

were backfilled to the design grades. This resulted in an exposed face of about 4 feet. The wall 

was analyzed with a back slope (riverbank) inclined at 1.5H:1V and a front slope (riverbed) 

inclined at an angle of negative 13 degrees. Earth pressure coefficients for the various soil strata 

were determined using either Coloumb or log spiral theory. The maximum required sheet pile 

length was calculated to be 14 feet, considering a factor-of-safety of 1.3 on the embedment 

length. The minimum top elevation of the sheet pile wall was set at Elevation 974; therefore, the 

minimum tip elevation was calculated to be 960. While the tip elevation was calculated to be 

960, inspection of the subsurface profile and the results of slope stability analyses indicated that 

the sheet pile wall should be embedded to a tip elevation of 955 (± 1 foot) in order to key in to a 
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dense sand and gravel layer and, therefore, intercept any potential deep-seated slope failure 

planes. 

While the maximum moment was determined to be 3 kip-foot/feet and the resulting section 

modulus of the sheet pile calculated to be unrealistically low, less than 5 in3/foot, the actual 

selection of the sheet pile section was based on the results of test driving of sheet pile performed 

by the Excavation Subcontractor within the Transition Area. While a lighter sheet pile section 

was required based on the design calculations, a heavier sheet pile section was determined to be 

necessary when installation requirements were considered. The final sheet pile selected was 

Skyline Steel AZ-26 with hot-rolled interlocks. This sheet pile section has a section modulus of 

48.36 in3/foot. Consideration was given to the use of lighter sections such as AZ-18 and PZ-22, 

but the heavier section was deemed more appropriate in view of the anticipated hard driving 

conditions that could be encountered. 

The west bank retaining wall will also be comprised of steel sheet pile but because of very 

shallow bedrock and dense till, the sheet pile wall will be supported by steel H-piles spaced at 

12’-3” center-to-center and set in concrete-filled drilled shafts (caissons). The center-to-center 

spacing was determined based on the anticipated sheet pile section that will be utilized, AZ-18 or 

AZ-26. The caissons will be drilled to a depth of 6 feet and to a nominal diameter of 30 inches 

and backfilled with concrete. The top of the wall will be at Elevation 975. The toe of the wall 

will be embedded 2 feet into dense till or bedrock or encased in a concrete toe block if the 

required embedment depth cannot be achieved, to prevent kick-out of the toe. The placement of a 

uniform thickness of riprap along the front face of the sheet pile wall could potentially satisfy 

part of the embedment depth requirement, but conservatively, only half the thickness of the 

riprap layer may be considered as embedment in the event that severe erosion is experienced in 

this area and a portion of the riprap is disturbed. 

Steel wales will be installed between the soldier piles along the back face of the wall in order to 

stabilize the upper portion of the wall. The wale will be welded or bolted to each sheet pile and 

to the soldier piles. The earth pressure exerted on the sheet pile portion of the wall will be 

transferred via the wales to the soldier piles. The wales will be selected by the contractor to carry 

a load of 2 kips per foot. A submittal will be required to allow review of the selected section and 
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to ensure the proposed section and connection details are appropriate. The minimum required H-

pile section modulus was determined to be 26.9 in3. The required sheet pile section modulus was 

calculated to be less than 1 in3/foot with a wale installed to transfer the earth pressure load to the 

soldier piles. Therefore, it was concluded that a light- to medium-duty sheet pile section would 

be acceptable for use on the west bank. A section modulus of 50 in3/foot was selected. The 

section modulus of the material installed, which is to be selected by the Excavation 

Subcontractor, will likely be greater than 50 in3/foot in consideration of installation 

requirements. As with the upstream wall on the east bank, riprap will be placed against the front 

face of the wall as a façade. 

The steel sheet pile retaining wall installed between Stations 523+00 and 524+24 will require the 

use of tieback anchors for stability. The embedment depth of the sheet pile is limited due to the 

presence of shallow bedrock and/or dense till and, therefore, the use of a cantilevered wall is not 

an option. Tieback anchors are required to ensure wall stability. Based on the calculations, the 

maximum anchor load was determined to be 6.5 kips per foot of wall. The calculated section 

modulus was determined to be 8 in3/foot of wall. This section modulus corresponds to a sheet 

pile section that can be described as light duty. While a light-duty section is theoretically 

acceptable, it is anticipated that a heavier section will be selected by the Excavation 

Subcontractor in consideration of installing the sheet pile through and into very dense soils. It 

should be noted that the final design of the anchors and wales will be completed by the 

Excavation Subcontractor and approved by the Engineer prior to installation. 

A cantilevered sheet pile wall will be installed between Stations 525+75 and 527+50. The 

required section modulus was calculated to be 7 in3/foot. Again, for ease of installation and to 

minimize the potential of damaging the sheets during installation, it is anticipated that the 

installation contractor will utilize a heavier sheet pile section. There is a potential to encounter 

shallow bedrock along the alignment of this wall, which may require re-evaluation during 

construction. 

In consideration of aesthetics, timber façades will be attached to the sheet pile walls. Because the 

toes of the walls are located above the elevation of the normal water surface elevation, the use of 

timber was deemed suitable. During storm events a portion of the façade may be submerged. 
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However, it is unlikely that the wall will be submerged for long periods of time. During periods 

when the façade is submerged, it is possible that it may be damaged as a result of being impacted 

by floating debris. Some repair of the façade should be anticipated.  

2.6.4 Filter Layer 

As part of the riverbed and lower riverbank restoration, a graded filter is required. (It is noted 

that the use of geosynthetics within the riverbed was not desirable due to concerns with long-

term performance and possible exposure should erosion of the riverbed or riverbanks occur.) The 

primary function of the filter layer is to prevent the migration of river sediment into the water 

column. The gradation of the filter layer is based on the gradation of the riverbed sediment and 

the riprap.  

Within the Phase 2 Reach, test boring logs and laboratory test results were reviewed in order to 

determine the most representative data available to complete the design. Because the upper 3 feet 

of riverbed and riverbank sediments will be removed, those samples located within the 0- to 3-

foot depth interval were eliminated from consideration. Soil samples within the 3- to 6-foot 

depth interval were identified and incorporated into the analysis. A total of seven samples were 

identified.  

The design procedure followed, consistent with criteria developed by Terzaghi and Peck (1948, 

99-2911), is summarized below: 

 The minimum d15 particle size of the filter layer, which controls permeability, is based on 
the largest d15 particle size of the native soil: d15 min. filter > 5 x d15 max. native soil. 

 The maximum d15 particle size of the filter layer, which controls retention, is based on the 
smallest d85 particle size of the native soil: d15 max. filter < 4 x d85 min. native soil. 

The design of the filter layer not only considered the gradation compatibility between the river 

sediment and the filter materials but also between the filter materials and the overlying riprap 

layer, which will be installed as an armoring layer to prevent erosion and scouring of the 

riverbed and riverbanks. 

Based on filter analyses, it was determined that a two-layer filter was required in the Transition 

Area. Common fill, as was used in Phase 1, was proposed as the bottom layer of the filter while a 
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more granular material was proposed for use as the upper layer. The gradation of the common 

fill (Filter Grade) was specified to ensure gradational compatibility between the underlying 

native sediment and the overlying filter material. The common fill (Filter Grade) was specified to 

have a maximum particle size of 3 inches while the filter material was specified to have a 

maximum particle size of 6 inches. The gradation of the common fill (Filter Grade) was more 

restrictive than the common fill used in Phase 1.  

The sediments encountered downstream of Elm Street were more granular in composition and 

based on the filter analysis, the use of a two-layered filter was unnecessary. The gradation 

requirement for the common fill was removed and a single filter material consisting of a granular 

material was specified. Filter material will be used in areas where riprap is to be placed. In areas 

where articulating concrete block (ACB) is to be installed, structural fill and/or filter material 

will be installed in conjunction with a geotextile. It should be noted that the gradation of the filter 

material was modified between the first 600 feet downstream of Elm Street and the remainder of 

the reach as a result of including additional sediment data in the analysis. 

Consistent with Phase 1, the minimum practical lift thickness for filter layer construction is 

estimated to be about 6 inches. In general, the minimum allowable lift thickness is considered to 

be about 1.5 times the average, or in some cases, the maximum particle size. Concerns regarding 

segregation potential were deemed to be minimal due to the limited handling of the material 

during placement, spreading, and compaction. 

Riprap was sized based on hydraulic considerations, namely channel geometry, water velocity, 

and depth. The analyses were completed using CHANLPRO developed by USACE. Generally 

speaking, the hydraulic conditions (flow velocity and depth) associated with the 10-year storm 

within each subreach were utilized in the analyses. The top elevation of the riprap on the 

riverbanks was extended to the elevation of the 1.5-year stormwater surface elevation. 

2.6.5 Existing Timber Crib Wall 

The existing timber crib wall, which supports the east riverbank immediately downstream of the 

Elm Street Bridge, is in poor repair. The timbers have deteriorated and the wall appears to be 

rotating towards the river, as evidenced by a depression in the parking lot supported by the wall 
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and cracks in this parking lot running parallel to the wall. A concrete curb installed at the top of 

the wall has also rotated toward the river.  

The two options considered for remediating this area included: 

1. Limit work to the stabilization of the cobble slope at the toe of the slope below the wall and 
the riverbed.  

2. Remove the existing wall; excavate contaminated materials located behind the wall, at the toe 
of the slope below the wall, and in the riverbed; restore the riverbed; and construct a new 
retaining wall. 

 
Following discussions at a May 2003 meeting between USACE, EPA, and WESTON, it was 

decided to further evaluate Option 2 and prepare design drawings and specifications.  

In order to safely remove the existing wall without impacting either the existing structure (Golf 

Shop) or Elm Street Bridge, it was determined that a temporary earth retention system would be 

required. It was decided to use an anchored soldier pile and timber lagging wall with the soldier 

piles installed in pre-drilled holes in order to minimize vibrations. A segmental retaining wall 

was proposed as the replacement wall. The wall was to extend from about 1 foot below the 

riverbed (Elevation 967) to about Elevation 990. The toe of the wall was to be protected against 

scouring using either riprap or ACB. A fence and guiderail were to be installed at the top of the 

wall and the paved area restored to provide positive drainage of surface water. The anchors of 

the temporary retention system were to be de-tensioned as the excavation was backfilled and the 

wall components removed to approximately 3 feet below the finished grade prior to completion 

of the backfill. 

Initial costing of the removal and replacement option showed that this option was too costly. As 

a result, the Government requested that other, less costly alternatives be evaluated. The 

Excavation Subcontractor then proposed an alternate wall design that did not require the removal 

of the existing wall. The alternate design proposed installing mini piles into the underlying 

bedrock along the toe of the existing wall to support precast concrete panels. Tieback anchors 

would then be installed through penetrations in each of the panels. The area between the base of 

the precast concrete panels and the riverbed would be stabilized using soil nails embedded in 

shotcrete.  
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The alternate design and its related costs were reviewed by WESTON and submitted to USACE 

for approval (for additional information, including design calculations, see the submittal 

“Housatonic River Project – Elm Street Bridge Retaining Wall,” dated 17 December 2003, from 

Geotechnical Consultants, Inc. to Tom Crofts of CDI). Cost estimates for this work showed it to 

be significantly lower in total cost as compared with the initial full removal option. The alternate 

design was approved with some modifications to the original design to address WESTON and 

USACE comments.  

2.6.6 River Walk 

The construction of a river walk along the east riverbank from downstream of Elm Street to 

Dawes Avenue was requested. This river walk was to allow community access to the river that 

previously was not available. The walk was to be located along the top of the slope in 

consideration of public safety. However, where possible, based on topography, the walk was to 

be installed closer to the river. It was envisioned that this would occur only in isolated areas. The 

walk was requested to be about 6 feet wide with appropriate fencing.  

The river walk design consisted of two different systems. The upstream segment of the walk 

consisted of an asphalt path constructed on imported fill. The downstream segment of the walk 

consisted of an elevated boardwalk constructed from a combination of wood, steel, and 

composite (plastic) components. Fences and handrails were provided along the walk for safety. 

Based primarily on cost considerations and lack of support from the City of Pittsfield, the 

Trustees decided not to fund the river walk at this time; therefore, it was eliminated from the 

construction contract. However, the walk may be completed in the future by the City or 

stakeholders. 

2.7 RIVER DIVERSION  

2.7.1 Dam Design 

As part of the selected alternative using gravity bypass piping as the river diversion method, a 

temporary dam is to be constructed in the Transition Area at Station 514+00 (end of Phase 1 and 
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beginning of Phase 2 remediation areas). The dam and gravity diversion piping system will allow 

contaminated sediments to be removed through the entire Phase 2 Reach using a dry excavation 

technique for the majority of the construction period. However, because of the limited capacity 

of the gravity piping system, some downtime will occur due to overtopping of the dam during 

heavy rainfalls or other severe weather-related events. 

The major components of the diversion design are the following:  

 The dam itself, featuring aluminum stop logs stacked vertically between steel H-piles, spaced 
intermittently across the river. 

 Twin 54-inch pipes, extending from the upstream face of the dam at the concrete headwall, 
through the dam and Phase 2 Reach, capable of conveying gravity river flow.  

 Two 66-inch aluminum slide gates mounted on the upstream face of the openings to the two 
54-inch pipes. The slide gates will be used to isolate flow in each pipe to allow the relocation 
of the pipes within the riverbed. 

The dam is to be located upstream of the Elm Street Bridge at approximately Station 514+00. 

The dam is to have six “panels” of stacked aluminum stop logs with each panel being located 

between vertical steel H-piles. All but one of these panels is to be spaced at 12 feet on center 

between H-piles, the exception being a 14-foot-wide panel at the location where the twin 54-inch 

pipes are to penetrate a reinforced concrete wall section of the dam. At this location, the 

segments of the diversion piping will be steel, equipped with water stops. All other segments of 

the twin 54-inch pipes will be HDPE. Based on discussions among the design team and ACOE 

and EPA during the design, the top crest of the stop logs at the dam was initially set at Elevation 

976.0 feet. Based on field observations during construction and initial operation of the dam, and 

a re-evaluation of the structural stability of the dam, the top elevation of the stop logs was 

increased to Elevation 978.0 feet. 

To serve as a cutoff to prevent hydraulic underflow beneath the dam, steel sheet piles are to be 

driven coincident to the dam alignment across the river. The sheet piles are to be driven 

vertically into the underlying glacial till material at approximate Elevation 946.0 feet. A 

reinforced concrete “pile cap” is to be cast in place over the top of the sheet piling. The top of the 

pile cap will serve the dual purpose of seating the base of the aluminum stop log panels and 

providing the foundation for the vertical structural steel H-piles located between the panels along 
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the dam. The top of the pile cap is to be “stepped” to roughly conform with the existing cross-

section of the river at Station 514+00.  

A 4-foot-wide walkway, comprising a galvanized steel grating supported by structural steel 

framing, will span the dam, providing bank-to-bank access. The walkway will be equipped with 

OSHA-approved handrails and safety line tie-off points and will be used to facilitate access 

between the east and west riverbanks, as well as the lifting and removal of stop logs from the 

dam prior to those weather-related events in which the dam would potentially be overtopped. 

The structural steel walkway frame is supported by the vertical steel H-piles of the dam and a 

second set of driven steel piles on its downstream side. In addition, the framing support at the 

walkway’s terminating sections located at either riverbank will be provided by driven sheet piles. 

The elevation of the walkway platform is to be set at or near Elevation 983.0 feet. 

The design of riprap protection in the vicinity of the dam will be in accordance with USACE 

methodology and practice, as described in Section 2.8.3, in those areas in the immediate vicinity 

of the dam. However, to provide additional erosion and scour protection for the immediate 

downstream dam face during critical periods when overtopping occurs, the armor size and 

thickness were both increased by a factor of 1.5. 

The following subsections describe in further detail the hydraulic, geotechnical, and structural 

basis of design for the diversion dam. 

2.7.1.1 Hydraulic Analysis  

In developing the concept for the diversion dam and gravity bypass system, the following were 

key hydraulic objectives: 

 Maximize flow capacity of the gravity bypass system to the extent practical in order to 
increase available “in river” work time. 

 Minimize potential upstream hydrologic/hydraulic impacts due to the dam configuration. 

 
To meet the first hydraulic objective, an analysis of river flow data near the Elm Street Bridge 

was performed. As documented in the 65% Water Diversion Design Submittal, the analysis was 

based on first developing a projection for the number of days in which a given value for river 
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flow (in cfs) could be anticipated to be exceeded. This projection, based on limited historical 

flow data, covered a 10-month construction period and was used to approximate the number of 

days when “in river” work could reasonably be expected to take place within the 10-month time 

frame. For the conceptualized dam and original bypass pumping system, the “threshold” river 

flow value resulting in a work stoppage due to the dam crest being overtopped was 200 cfs. This 

value is the maximum estimated capacity of gravity flow through the twin 54-inch diversion 

pipes extending through the Phase 2 Reach. The design concept calls for both pipes carrying 

pumped flow at the estimated maximum flow rate of approximately 200 cfs. 

When performing the hydraulic analyses for this condition, the water level elevation behind the 

dam was maintained at a conservative value of 975.0 feet. Operational protocols will call for the 

stop log dam to be removed either prior to or shortly after the maximum diversion system 

capacity is reached to minimize the time that the dam would actually be overtopped.  

Although based on limited historical data, the analysis does provide an indication of what may be 

expected in terms of operational scenarios for pumping and performing in-river remedial work. 

The following table presents a summary of the relevant findings of the analysis for a 10-month 

construction period. 

Bypass Flow Conveyance 
Est. Max Combined 

Flow (cfs) 
No. Days Flow Value 

Exceeded* 

Twin 54-Inch Pipes (Gravity 
Flow) 

150-200 28 - 48 

* Based on 10-month period (302 days). 
 
To verify that the potential upstream impacts from the dam (i.e., backwater conditions) are 

minimized, a HEC-RAS analysis was performed in which the stop logs were removed during 

periods of high flow. This evaluation was performed for the Phase 1 Reach from the dam area at 

Station 514+00 upstream to Station 500+00 located just upstream of the Lyman Street Bridge. In 

addition to the remnants of the dam structure with the stop logs removed, the analysis accounted 

for the in-river pump configuration just upstream of the dam (note that in-river pumps were 

considered during the draft design – this configuration was not re-run because including the 

pumps is a more conservative configuration, and removing these obstructions would only lessen 

the effects of the overall dam and pump system). The analysis results showed that both the dam 
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remnants and the pumps would account for only a 0.2-foot increase in water surface elevation 

(WSEL) for the 1.5-year and 2-year floods, which closely approximates the bankfull conditions 

for the Phase 1 Reach. For flows exceeding bankfull conditions (5-year flood), these structures 

would raise the WSEL by just 0.1 feet, with the exception of a location near the Lyman Street 

Bridge where the increase would be 0.2 feet. Since these structures are temporary and are 

anticipated to be in use only for a period of approximately 2 to 3 years, these upstream impacts 

are considered to be minimal. 

2.7.1.2 Geotechnical Analysis 

Geotechnical concerns surrounding the installation and performance of the dam centered on the 

potential flow of water under and around the dam. Geotechnical test borings (BH000629 and 

BH000630) completed in the river in close proximity to the dam location indicated the presence 

of very loose to very dense granular soils, based on N-values. Based on laboratory test results, 

these soils were classified as SM, SC-SM, SP-SM, and SW-SM according to the Unified Soil 

Classification System (USCS) and contained between 5 and 38% fines (silt and clay).  

Based on site history, it is known that the riverbanks are comprised largely of fill materials. 

These fill materials are reported to include, among other things, large pieces of concrete debris. It 

is also known that former river oxbows were backfilled with similar materials in conjunction 

with a river straightening project. The presence of concrete debris within the bank and also 

within the former oxbows raised concerns about potential preferential flow paths (voids and 

channels) around the dam. 

Because of the importance of the dam to the completion of the work and the potential for water 

flowing under and around the dam, which would result in piping, a groundwater cut-off wall for 

the dam area was proposed. The cut-off wall is to extend vertically from approximately 1 foot 

below the existing riverbed to the top of the dense till stratum, which was encountered at 

approximately 20 feet below the riverbed (Elevation 948) and from the ground surface beyond 

the riverbanks to the top of the dense till stratum. The cut-off wall is to extend laterally across 

the riverbed and for a distance of approximately 25 feet beyond the top of the banks on either 

side of the dam. 
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This cut-off wall configuration resulted in a calculated exit gradient of about 0.25 for a 

differential water head of 11 feet with a 3-foot excavation (factor-of-safety = 3.9). The exit 

gradient on the banks was calculated to be about 0.32 for a water head differential of 8 feet and a 

flow path of 25 feet (factor-of-safety = 3). These factor-of-safety values were deemed to be 

reasonable and acceptable for the project. It should be noted that the presence of large debris 

may prevent the installation of steel sheet pile to the design tip elevation or at the required 

alignment. Inability to achieve the required tip elevation and alignment will result in a decreased 

factor-of-safety. 

Although a groundwater cut-off wall will be installed, there still exists a possibility that water 

will flow through preferential flow paths located beyond the limits of the cut-off wall. The length 

of the cut-off wall beyond the banks was felt to be reasonable and cost effective and would give 

an adequate level of protection against piping around the dam. Should preferential flow paths 

develop, the use of grout or other means may be necessary to plug channels and slow or prevent 

flow around the dam into the work area. 

The sheet pile directly under the dam will serve not only as a groundwater cut-off wall but also 

as the foundation for a concrete pile cap that will support the dam columns, stop logs, the 

walkway, and water. The axial load will result in a buckling force on the sheet pile. However, 

this buckling effect will be resisted by both the sheet pile itself and the surrounding soil 

supporting the sheet pile over its full depth. 

The sheet pile will also be subjected to lateral loading due to the water pressure acting on the 

dam. The lateral load will also act to cause bending or buckling of the sheet pile. Because of the 

downstream support columns (H-piles), the lateral load transferred from the dam columns 

through the concrete pile cap to the sheet pile will be significantly reduced when compared to a 

cantilevered dam configuration. 

The precast concrete pad that will support the pumps will be installed on a steel frame, which 

will in turn be supported on steel H-piles. The pump pad is being supported on piles because of 

concerns surrounding potential settlement of the pump pad during operation. Based on a 

combined dead load (concrete, pumps, walkway, etc.) and live load of 350 psf, the total 

settlement of the pump pad without pile supports was estimated to be less than ½-inch, based on 
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elastic settlement theory. While this predicted total settlement is minimal, there exists the 

potential for differential settlement and vibration induced settlement, which were not considered. 

Because of the critical function the pumps play in the overall success of the project, a pile-

supported foundation is warranted. In addition, the pile foundation will provide lateral support to 

resist thrust forces generated in the pipes. 

2.7.1.3 Structural Analysis 

The structural analysis for the dam focused on its H-pile columns and supports, the reinforced 

sheet pile cap, the aluminum stop logs, and the steel framing structure for the walkway. For the 

diversion pump pad, the precast concrete support slabs and the underlying structural steel 

framing and pile foundation system were analyzed.  

In these analyses, loadings for the dam took into account hydrostatic pressure with an allowance 

for surge, as well as wind, as appropriate. The walkway spanning the dam was designed for a 

100-pounds-per-square-foot (psf) live load. In addition, in order to account for loads associated 

with the lifting and removal of aluminum stop logs from the walkway, the supporting steel 

framing structure was designed to withstand a 1.75-kip load at the span center point.  

For the pump support pad, a live load of 250 psf was used to account for the pumps and a 

125-psf value for dead load was applied to represent the weight for the precast concrete slab. 

Structural calculations for the design of the dam structure, walkways, and pump support pads are 

presented in Appendix D. 

2.7.2 River Water Conveyance 

A method for conveying the river water around an approximate 4,000-foot section of the river 

must be designed, installed, and operated to meet the requirements of the EE/CA (excavation and 

restoration in a dry riverbed). To determine what flow is practical to convey, historical river flow 

data for the years 1988 through 1998 were evaluated. Threshold river flows at the Coltsville 

gauge were compiled in a table format versus total hours per year and the total number of events 

in which the flows were exceeded. This table is included in Appendix D (Table D-1). To 

estimate flows near the Elm Street Bridge, a multiplier of 1.22, based on the increase in drainage 
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basin area, was applied to flows as measured by the Coltsville gauge. The average total time and 

number of events per year that threshold flow values were exceeded were averaged and 

presented versus threshold flow values. 

Total hours per year flows were exceeded was considered to estimate the amount of time per 

year that work could not be performed due to flow capacity, as well as to estimate the amount of 

time per year the river diversion system would be operating. In addition, each time the maximum 

conveyance capacity is exceeded, the river will overtop the dam, requiring excavation and 

restoration work to stop until the river flow drops below the conveyance system capacity. Each 

dam overtopping event will require removal of stop logs, removal of personnel and equipment 

from the river, and potential clean-up efforts once the flow drops below conveyance capacity. 

Therefore, the total number of events per year that exceeded threshold flows was also 

considered. 

Based on a review of flow versus time, it was apparent that there are one or more time periods 

during an average calendar year when flows are generally higher than the rest of the year (see 

Table D-2). As a result, a hydrologic analysis of the flow data was performed to assess the return 

interval of flows excluding a short time period (up to 2 months) to see if there was a significant 

reduction in average exceedance time and average exceedance events. It was determined that 

excluding the period of 12 March through 10 May provided the largest returns in terms of 

minimizing the time and number of flow exceedances, especially for flows slightly greater than 

200 cfs. A summary of this analysis is included in Table D-3. 

Threshold river flows at the Coltsville gauge were compiled a second time, excluding data from 

the period of 12 March through 10 May, in a table format versus total hours per year and total 

number of events the flows were exceeded. This table is also included in the analysis in 

Appendix D (see Table D-3). Reduction in the number of events and the number of days per year 

the flows were exceeded when excluding data from 12 March through 10 May for flows near the 

Elm Street Bridge were roughly 34% for 100 cfs and 45% for 200 cfs. Based on this analysis, it 

was determined that data from 12 March through 10 May would be excluded for purposes of 

evaluating flow capacity. Consequently, it was assumed that site operations in the river under a 

gravity diversion scenario would not be carried out during these time periods. Figures D-1 and 
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D-2 show plots of flow versus average number of days exceedance and flow versus average 

number of events, respectively, for the 10-month period. 

Originally, 12 out-of-river self-priming pumps were proposed in the EE/CA to be used to divert 

the river around the Phase 2 Reach. The pumps would provide a pumping capacity of 

approximately 120 cfs through two 36-inch force mains. Based on the 10-month-per-year river 

flow data, these pumps could pump the river for approximately 232 days per 10-month period, or 

73% of the time, with approximately 20 dam overtopping events. During the design phase, the 

design team focused on increasing the capacity of the pumping system, thereby increasing the 

amount of time the system would operate.  

Early in the design process, a site walk revealed challenging road and residential driveway 

crossings if the force mains were run out of the work areas. The parties considered the possibility 

of installing the force mains within the riverbed. Not only would this arrangement reduce the 

need for temporary construction easements and public disruption but it would also allow for a 

gravity component of conveying the river water during construction activities. A gravity 

component would reduce the run time and fuel consumption of the pumps, as well as reduce 

noise levels in the vicinity of the pumps. Installing the pipes within the riverbed would, however, 

increase the complexity of securing the pipes to withstand dam overtopping events, would 

require the pipes to be run through and/or around the dam, and would create an obstacle for 

excavation and restoration activities. This pump bypass system would convey flows of up to 100 

cfs by gravity and flows up to 200 cfs by pumping. This system reduced the number of 

overtopping events to 13 and increased the average operating time to 91%.  

Draft design and costing of this pump bypass system revealed that pumping was cost-prohibitive. 

As a result, a gravity-only system was then considered. Preliminary flow calculations revealed 

that one 54-inch pipe could convey between 75 and 100 cfs under gravity conditions and that a 

gravity system consisting of 2 54-inch pipes would carry flows comparable to the pumping 

scenario. At a total flow of 150 cfs, this system would be operated 84% of the time with an 

average of 17 exceedance events, based on historical averages. 
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2.7.2.1 Piping 

The piping used to convey the water down the river must be relatively easily relocated within the 

riverbed and must be durable. High density polyethylene (HDPE) was chosen for its durability, 

relative light weight (as compared to steel), and ease of installation. HDPE is much more durable 

than polyvinyl chloride and comes in a wide variety of sizes with differing wall-thickness. Solid 

wall pipe was selected over other wall-type variations that have partially hollow walls based on 

the need for very durable and flexible pipe. 

Due to local high points, vertical vents (HDPE pipe) would be installed in pipe placed in the 

riverbed to allow the release of air and consequently avoid air lock within the pipe. These vents 

would also eliminate vacuum (due to siphon effects) on the pipe that could cause weakening and 

possible pipe collapse. The vents will be field-located based on the high points encountered. 

2.7.2.2 Estimated Flow 

An open-channel flow analysis was performed on the proposed 4,000-foot lengths of pipe 

required for water diversion around the Phase 2 Reach. The results of this analysis are included 

in Table D-5. In order to convey 75 cfs using a 54-inch outside diameter DR 21 HDPE pipe, a 

slope of 0.0026 feet per foot (using a Manning coefficient of 0.013) or greater must be 

maintained from the maximum water elevation at the inlet (975 feet) to all other points over the 

length of the installed pipe. Profiles of the pipe installed on each side of the river bed were 

created based on the existing topographic information. Based on these profiles, seven high points 

for each installation (east and west) cause the slope of the pipe to be less than 0.0026 feet per 

foot. These high points were then inspected in the field and it was determined that the materials 

in the river causing the high points could be modified to allow installation of the pipe at slopes 

equal to or greater than 0.0026 feet per foot (see Table D-6). 

A Manning coefficient of 0.009 is typically applied to HDPE pipe. A conservative value of 0.013 

was used to account for changes in direction of flow and hydraulic losses other than friction over 

the length of the pipe. It is anticipated that flows of 75 to 100 cfs per pipe (150 to 200 cfs for two 

pipes) will be conveyed when a slope of 0.0026 or greater is maintained between local high 

points over the length of the pipe.  
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2.7.2.3 Pipe Entrance and Flow Control 

The pipe will be attached to the downriver side of the concrete dam pass through. The entrance 

should be beveled or curved to minimize hydraulic losses. A radially curved concrete entrance 

that flares from the pipe diameter of 54 inches to an opening size of 60 inches was selected as 

part of the design. Stopping flow to the gravity lines will be required when moving each pipe. 

Canal or slide gates, mounted on the upriver side of the pass through, will be installed. Operating 

stems can be extended to allow operation from the elevated walkway. These gates (66-inch wide) 

will normally be operated in the open position and will be lowered (individually) to move one 

pipe at a time. Following the move of the first pipe, the closed gate will be opened and the 

second gate will be closed, allowing the second pipe to be moved. When both pipes are in place, 

the second gate will be opened and full flow will resume. 

2.8 HYDRAULICS ANALYSIS 

The USACE Hydrologic Engineering Center – River Analysis System (HEC-RAS), version 

3.0.1, March 2001, was used to perform the hydraulic analyses to support the design of this 

project. The model was used to predict flood elevations under existing conditions and proposed 

design conditions. Other parameters that were calculated by the HEC-RAS model, such as flow 

velocities and shear forces, were used to size riprap and design other components of the river bed 

and bank protection. 

2.8.1 Hydrology 

Flow rates for a variety of conditions ranging from the average annual flow to the 100-year flood 

event were evaluated for input to the model during Phase 1 of this project. The methods to 

develop the Phase 1 flow values (Log Pearson Type III analysis of annual series data and partial 

duration analysis of hourly data) were reviewed by WESTON at the onset of Phase 2 and found 

to be reliable simulations of the various flow events for the project area. 

The drainage area at the Coltsville gage is 57.6 square miles. An additional 12.25 square miles 

drains to the river at the upstream portion of the Phase 1 design reach. The sum of these areas 

(69.85 square miles) represents a 1.21:1 ratio of total drainage area to the Coltsville gage 
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drainage area. Flows from the Coltsville gage were multiplied by 1.21 in the project area. The 

following table presents the flows simulated in the HEC-RAS model for use in model runs 

(Average Annual, 0.125-, 0.25-, 0.5-, 0.75-, 1-, 1.5-, 2-, 5-, 10-, 50-, and 100-year storms). The 

table also provides a comparison of the HEC-RAS values with the values used by the Federal 

Emergency Management Agency (FEMA) to develop the Flood Insurance Study (Average 

Annual, 1-, 2-, 5-, 10-, 50-, and 100-year storms). With the exception of the 1-year event, flow 

values were in reasonable agreement with the HEC-2 flows that were originally used by FEMA 

during development of the Flood Insurance Study for the City of Pittsfield (January, 1987, 00-

0350). Details of the development of the flow inputs to the HEC-RAS model are presented in the 

Phase 1 Basis of Design report. The flow values developed during Phase 1 have remained in the 

model for the Phase 2 effort. 

Flow Comparison: Phase 2 Reach of East Branch Housatonic River 

Flow Event HEC-RAS HEC-2 

Average Annual 134 109 

0.125-year 460  

0.25-year 976  

0.5-year 1422  

0.75-year 1612  

1-year 1670 458 

1.5-year 1761  

2-year 2047 1820 

5-year 3336 3120 

10-year 4375 3900 

50-year 7239 7000* 

100-year 8721 9000* 
* From Frequency-Discharge-Area Curve for East Branch Housatonic River (Figure 8,  
FIS for City of Pittsfield, MA, 1/16/87). 

 

2.8.2 Hydraulics 

The USACE Hydrologic Engineering Center – Water Surface Profiles (HEC-2) model that was 

used to develop the FEMA Flood Insurance Study was converted to version 3.0.1 of the HEC 

River Analysis System (HEC-RAS) for this project, which is currently the software used by 



MK01|O:\20125257.103\Phase2BOD_FIN\Ph2BOD_FIN_S2.doc  2/16/2005 2-65

USACE in general to evaluate flood elevations. HEC-RAS is used to determine the impacts of 

changes to channel geometry and bed and bank materials on resulting water surface elevations in 

a river. Conversion of the original HEC-2 model and the calibration and verification of the HEC-

RAS model are presented in detail in the Phase 1 Basis of Design report. 

The cross-sections between the proposed dam location and a point approximately 3,000 feet 

downstream of Dawes Avenue were further refined to perform the hydraulic evaluation of the 

Phase 2 Reach. The following subsections describe the refinements that were made to the Phase 

2 Reach. 

2.8.2.1 Manning’s Roughness Coefficient 

The original HEC-RAS model contained Manning’s roughness coefficient values of 0.02 to 

0.025 for the channel. This value is the minimum value for natural channels that are clean and 

straight with no rifts or pools. The original model roughness coefficient values for the overbanks 

ranged from 0.052 to 0.0576, simulating light brush and trees. For the Phase 2 evaluation, the 

roughness coefficient values were changed to reflect the varying materials found in the channel 

bed and banks throughout the reach. 

WESTON reviewed a videotaped field view of the stream corridor from the proposed dam 

location to approximately 1,000 feet downstream of Dawes Avenue and developed a table of 

Manning’s n roughness coefficients for the even-numbered transects from the videotape and 

interviews with WESTON staff who have participated in several site visits. The estimated values 

for the roughness coefficients were obtained from Chow (1959, 99-0219) and New Jersey 

Department of Environmental Protection (NJDEP) (1988, 99-2907). Table 2-8.1 includes the 

estimated roughness coefficients for the existing conditions scenario and associated comments. 

New cross-section geometry was entered into the HEC-RAS between April 2003 and March 

2004 for Phase 2. Due to the new retaining wall scheme (varying riprap sizes for the channel and 

bank, and vegetative cover beyond the river bank armor), the Manning’s ‘n’ roughness 

coefficients were changed accordingly. Manning’s roughness coefficients for materials proposed 

for the channel mitigation were estimated from the following: 
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 A value of 0.017 was chosen for concrete walls from the New Jersey Department of 
Environmental Protection (NJDEP) Technical Manual for Stream Encroachments (99-2907). 

 For rip rap, the Manning’s ‘n’ value formula used is as follows: 

n = y1/6 / [21.6 log10(y/d50)+14] 

where y = depth of flow (foot) and d50 = riprap size (foot) 

 
This formula calculates ‘n’ values for different sized riprap at various flow depths. The depths of 

flow vary from station to station throughout the Transition Area and below the Elm Street 

Bridge. They were approximated from the existing model output using the 10-year storm design. 

Three different riprap sizes are used in the Transition Area, 9-inch (n=0.037), 12-inch (n=0.04), 

and-18-inch (n=0.04) and two different sizes, 12-inch (n=0.036) and 18-inch (n=0.04) were used 

between Elm Street and Dawes Avenue. On all cross-sections within the Transition Area, 18-

inch riprap is used for the 1:1 sheet-pile wall covering and the areas from the edge of river up to 

the vegetative cover.   

2.8.2.2 Additional Flood Plain Elevations 

Many cross-sections in the original HEC-2 model did not extend to elevations that contained the 

100-year flood flow. WESTON evaluated topographic data beyond the channel banks and 

extending to the limits of the 100-year flood plain. Additional elevation points were added to all 

cross-sections in the project area that did not extend to the 100-year flood flow limit. The 

additional elevation points were obtained from a spatial data layer containing 2-foot elevation 

contours that was supplied by BB&L. 

2.8.2.3 Existing Conditions Flood Elevations 

As noted in the Phase 1 Basis of Design Report, 100-year flood elevations calculated by the 

HEC-RAS model and those reported in the FEMA Flood Insurance Study diverge by up to 4 feet 

in the area upstream of the Elm Street Bridge. The flood elevation difference between the Phase 

2 HEC-RAS model results and the FIS HEC-2 model results may be due to additional cross-

section detail that is included in the Phase 2 model. The USACE and WESTON agreed that the 
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Phase 2 model was more accurate than the HEC-2 model used to prepare the Flood Insurance 

Study, and therefore, the flood elevations calculated by the existing conditions model for Phase 2 

could be used as benchmark elevations. Proposed work in the stream channel cannot result in 

substantial exceedances of the benchmark elevations for corresponding flow events. Appendix 

Table –E-1 presents the existing conditions HEC-RAS model results for flow elevation and 

velocity. 

2.8.3 Bed and Bank Protection 

Using HEC-RAS modeling results to obtain key parameters such as river channel stage and 

velocity, the Design Team determined bed and bank protection (i.e., riprap) requirements 

following excavation and removal of contaminated material in the Phase 2 Reach. For this 

evaluation, the USACE program CHANLPRO was used in lieu of its predecessor, RIPRAP15, 

which was used in Phase 1. Appendix F lists the input parameters for the CHANLPRO program. 

The program defines channels as either being “natural” or “trapezoidal.” A natural channel is 

characterized as being free to scour the bed along the outer bank and build a point bar on the 

inner bank. A trapezoidal channel is considered one in which the trapezoidal shape is expected to 

remain. It also typically involves protection of both the bed and banks. Based on these 

definitions, the Phase 2 Reach channels were input as being trapezoidal. 

2.8.3.1 Hydraulic Stability 

Similar to the design approach in Phase 1, four analysis categories were considered for the bed 

and bank protection. These included two categories based on river geometry (within bends or in 

straight reaches) and cross-section geometry (on bed or on banks). For bends, the CHANLPRO 

program takes into account bend angle and radius, channel bottom width, maximum flow depth 

and water surface width, along with channel velocity to determine required stone size. These 

values were estimated from maps and plans of the design reach or derived from the HEC-RAS 

output. In the case of straight segments immediately downstream of a bend, the same stone size 

as that determined for the bend was used in accordance with the CHANLPRO guidance 

document. This transition area distance, before a separate straight segment stone determination 

was made, is a minimum of five channel widths downstream of the endpoint of the bend. 
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Channel bed and bank protection are analyzed separately by CHANLPRO in accordance with 

prescribed input parameters for local depth-averaged velocity relationships. In the case of banks 

or sideslopes, the slope inclination and the depth-averaged velocity 20% upslope from the toes 

are taken into account. In some areas of the Phase 2 Reach, segments are bounded and protected 

on one side by retaining walls where only riprap for the channel bed and opposite bank is 

needed. For those segments with exposed banks in Phase 2, a 2H:1V or 1.5H:1V sideslope 

inclination was input to closely approximate the proposed conditions . 

In general, for each category, channel protection was designed for the “worst-case” combination 

of velocity and depth that results in the largest stone size and thickness. Whenever possible, the 

same riprap stone sizes (gradations) and thicknesses used in Phase 1 were employed in Phase 2. 

However, similar to Phase 1, this approach could not be employed universally because of 

existing physical limitations such as the elevation of bedrock in localized Phase 2 areas below 

Elm Street, as well as cost considerations associated with over-excavation. 

2.8.3.2 Filter Design 

Similar to the design approach in Phase 1, a filter design was completed to determine the 

required filter gradation and thickness to prevent movement of potentially contaminated fines 

from the underlying material through the riprap and into the river. In Phase 1 and Phase 2, the 

initial basis for the filter design was the USACE EM 1110-2-1901, Appendix D (USACE, 1986, 

99-0634). However, this method was determined to yield results that are not considered 

reasonable for the conditions encountered in either Phase 1 or Phase 2. For the Phase 2 filter 

design, a method developed by Terzaghi and Peck (99-2911) was selected as a replacement for 

EM 1110-2-1901. The design of the filter layers is discussed in Section 2.6, Geotechnical 

Analysis. 

2.8.3.3 Transition Area Results 

Channel bed and bank protection in the Transition Area was analyzed by dividing this portion of 

the river, extending from the proposed diversion dam location at Station 514+00 to the Elm 

Street Bridge near Station 522+00, into three separate segments. The first segment was on a 

bend, beginning at the dam location (Station 514+00) and extending to Station 517+00. In the 



MK01|O:\20125257.103\Phase2BOD_FIN\Ph2BOD_FIN_S2.doc  2/16/2005 2-69

analysis this was identified as Bend C since the last bend in the Phase 1 Reach was Bend B. The 

second segment was a straight reach from Station 517+00 to Station 519+00. The final segment 

was Bend D which extended from Station 519+00 to the upstream face of the Elm Street Bridge 

near Station 522+18.  

For each of these segments, the HEC-RAS output for the Transition Area was reviewed to select 

the worst case values (i.e., maximum flow depth, channel velocity) for input to the CHANLPRO 

program. These input values, which also included those necessary for channel geometry such as 

bend angle, radius, and channel bottom width, are summarized for each segment in Appendix F. 

The CHANLPRO program output results for the river bed and bank analyses are presented in 

Appendix F. For the riverbed, the results show that 9-inch (d100) size riprap is adequate for 

stability from the dam location at Station 514+00 to the start of Bend D at Station 519+00. 

However, owing to the hydraulic drop condition existing on the downstream side of the diversion 

dam, a 12-inch (d100) riprap was selected for the bed protection for a 50-foot distance 

downstream to Station 514+50.  

For Bend D, the analysis showed that 18-inch (d100) size riprap would be needed for bed 

protection. This was the result of using input for the bend from Station 522+18 where the 

channel velocity exceeds 10 feet per second. However, a separate analysis for the upstream end 

of this bend (Station 520+00) showed that the 9-inch riprap size was still adequate for the bed 

protection. Taking this into consideration, it was decided to transition the riprap bed protection 

size from the 9-inch size at Station 519+00 to Station 519+70, which is the location at which the 

west retaining wall begins, using 12-inch riprap for the bed protection. From Station 519+70 to 

the Elm Street Bridge, the 18-inch riprap size would be used for the bed and bank protection in 

the “chute” area formed between the east bank and west retaining wall. 

Bank analyses were also performed for those portions of the Transition Area not protected by the 

retaining walls. Specifically, this included the west bank of the river from Station 514+00 to 

519+70. The analysis for the exposed outside bank area of Bend D (Station 519+00 to 519+70) 

was evaluated, and it was determined that 18-inch (d100) riprap would be required up to Elevation 

975.0 feet. For conservatism, the remainder of the west bank was to be armored using this same 
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size of riprap up to Elevation 973.5 feet, which was the same elevation used in Phase 1 for an 

inside bank slope. 

Remainder of Phase 2 Results (Elm Street to Dawes Avenue) 

The remainder of the Phase 2 Reach (Elm Street to Dawes Avenue) was divided into nine 

segments: Stations 522+50 to 524+00, 524+00 to 525+50, 525+50 to 527+00, 527+00 to 

528+00, 527+60 to 529+50, 529+50 to 532+50, 532+50 to 533+50, 533+50 to 534+50, and 

534+50 to 542+80. Two of these segments were on bends, Stations 529+50 to 532+50 (Bend E) 

and 533+50 to 534+50 (Bend F). The remaining seven segments were straight segments. 

The analysis of the segment from Elm Street to Station 524+00 indicated that 33-inch (d100) 

riprap would be required on the bed with 36- to 42-inch riprap on the banks. Based on the 

assumption of installing riprap to a thickness equal to 1.5 times the maximum diameter, the layer 

thicknesses of these riprap sizes would be greater than 50 inches. Very dense materials (till and 

bedrock) are known to be present in this segment, which would require significant effort to 

remove to sufficient depth to accommodate the riprap and filter materials. In lieu of installing 

riprap, it was determined that ACB would be more appropriate based on its thin profile. A 

performance specification containing relevant hydraulic data was prepared and included in the 

project specifications. The ACB is required on the riverbed and riverbanks. It will abut the 

replacement wall at the Golf Shop and the sheet pile wall constructed at the Clip Shop and will 

be extended up to the outfall on the west bank at Station 524+00. The ACB will also abut the 

existing impact attenuator located immediately downstream of the Elm Street Bridge. 

The analysis indicated that from Stations 524+00 to 527+60, 12-inch riprap was required in the 

riverbed. From Stations 527+60 to 542+80, 9-inch riprap was required in the riverbed. Nine-inch 

riprap was also required on the banks from Station 525+50 to 542+80 with 12-inch riprap only 

being required between Stations 524+00 and 525+50. 

While the design procedure indicated that 9- and 12-inch riprap was required, the sizes were 

increased to 12-inch (in the riverbed) and 18-inch (on the riverbanks) in some areas (where 

excavation depths were 3 feet) within the reach based on concerns regarding potential movement 

of riprap and the resulting potential loss of filter material and underlying native soils. Because 
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the increased riprap size was implemented in areas where excavation volumes would be 

unaffected, this increase provides an increased level of protection (i.e., an added factor-of-safety) 

at minimal additional cost (based on unit price differential between riprap and common fill).  

The final design, therefore, consists of 12-inch riprap in the riverbed from Elm Street to Dawes 

Avenue with a combination of 12- and 18-inch riprap on the banks. ACB is required on the bed 

and banks for a distance of approximately 200 feet downstream of Elm Street. 

2.9 RESTORATION  

This subsection describes the basis of design for the restoration of the riverbanks and riverbed 

following the removal of contaminated sediment in the Phase 2 Reach. Like Phase 1, the basis of 

the Phase 2 restoration design was developed to achieve the habitat restoration objectives listed 

in Section 1 above, and was based on the synthesis of literature reviews, past restoration 

experiences, calculations and analyses, consultations with restoration specialists and contractors, 

and discussions among the project design team members (i.e., the Design Focus Group 

meetings). The process, design criteria, and assumptions are described below and supported with 

various appendices.  

2.9.1 Riverbank Restoration 

The goal of the proposed riverbank restoration is to mitigate damage created by the removal 

action and to improve the existing conditions of the riverbank, in accordance with the habitat 

restoration objectives. The EE/CA report, February 2000 (WESTON, 07-0030) contained the 

results of a screening process to identify viable restoration stabilization methods that would 

address the constraints and requirements of the existing riverbed and riverbank conditions, while 

achieving the habitat restoration objectives in a cost-effective and ecologically sound manner. 

The screening process identified several conceptual restoration alternatives, two of which were 

used in the Phase 1 design. Some of the potential restoration stabilization methods were 

eliminated in the course of that screening (e.g., those that utilized wood debris or wooden 

structures). 
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This subsection summarizes the potential riverbank stabilization methods identified in the 

EE/CA screening process, and then presents a refined list of methods determined to be 

appropriate for the Phase 2 Reach. The riverbank stabilization design process for Phase 2 

involved integration of primary design elements that have been identified during the overall 

project design process. Primary design elements include geotechnical analyses (e.g., slope 

stability, maximum allowable grades, filter design), hard structure designs and placements, 

riverbank armor elevations, hydraulic and hydrologic analyses (e.g., shear stresses, flood 

elevations, armor size), limit of excavation, and riverbank stabilization criteria (e.g., feasibility, 

performance, maintenance, geomorphic position). Geotechnical and hydraulic analyses and 

riverbank armor elevations have been described in previous sections of this report.  

As described in more detail in the following subsections, the riverbank restoration design was 

developed by integrating the primary design elements to meet the habitat restoration objectives, 

and then refined, where appropriate, based on an assessment of potential design impacts. Design 

impacts considered include long-term slope integrity, potential for recontamination, changes in 

flood storage capacity, differences in excavation volumes, cost constraints, and compatibility 

with the riverbed restoration designs. 

2.9.1.1 Riverbank Stabilization Methods  

Potential methods that were considered for stabilizing the restored riverbanks in Phase 2 

included straight revegetation, bioengineering, and hard structures. These methods, which are the 

same as those considered for Phase 1, are defined in general terms in the Phase 1 Basis of 

Design, May 2002 (WESTON, 07-0148). 

2.9.1.2 Riverbank Armor  

The EE/CA presented a conceptual approach to bank stabilization that involved a combination of 

riprap armor along the lower portions of the riverbank with revegetation or bioengineering 

methods installed above. Like the Phase 1 project, this approach has been incorporated into the 

Phase 2 restoration basis of design in the development of riverbank stabilization methods except 

where slope stability or river hydraulics warranted the use of other hard structures such as 
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retaining walls. Both the effectiveness and the cost of this approach are sensitive to the elevation 

of the top of armor where the riprap (or wall) transitions to revegetation or bioengineering 

stabilization methods. The determination of these elevations also provides a critical design 

element that establishes the foundation on which the rest of the riverbank restoration design can 

be developed.  

The objectives of the bank armor (including riprap and walls) are to protect the riverbank from 

scour that could cause potential remobilization of unexcavated contaminated sediments, while 

also meeting the other habitat restoration objectives to the maximum extent practicable. The 

upper limit elevations of the bank armor were determined by WESTON, based on the habitat 

restoration objectives and the hydrologic and hydraulic analyses and discussions within the 

framework of the Restoration and Geotechnical Design Focus Group meetings.  

As presented in Subsection 2.8, the hydraulic and hydrologic analyses provided a quantitative 

description of the flow velocities, flow depths, and boundary shear stress values throughout the 

design reach associated with floods ranging from the average annual flood to the 100-year flood. 

The results of these analyses indicated that the maximum velocities and shear stress values 

varied between the 10-year and 100-year flood events, depending on the channel cross-section. 

Generally, the 10-year flood elevation was determined to be near the top of the riverbank, where 

flood velocities and shear stresses peaked. Floods greater than this are expected to overtop the 

channel banks and spread out onto the floodplain where velocities and shear stress values 

decrease. These results were used to determine the appropriate riprap size and gradation for 

placement in the riverbed and along the riverbanks, and to assess the effectiveness of riverbank 

stabilization methods for their ability to protect against scour (See Table E-1 in Appendix E, 

Hydraulics Analysis Backup).  

The establishment and persistence of woody and herbaceous vegetation on the river banks 

provide protection against excessive erosion and scour through the soil-binding properties of the 

root systems. In addition to being able to withstand the hydraulic conditions (i.e., velocity, depth, 

shear stress) at various bank elevations, the plants must also be able to establish and persist under 

the anticipated hydrologic conditions (i.e., frequency and duration of inundation). On most rivers 

and streams one can observe a line of vegetation along the riverbank that corresponds to the edge 
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of the active river channel. Such a line is readily observed along the Housatonic River within the 

Phase 2 Reach. Vegetation persists above this line; it will rarely establish below this line, and 

when it does, it is transitory and often dies or is washed away. The vegetation line, along with 

other morphological features, is often used to identify the “bankfull channel,” and it typically 

corresponds approximately to the 1.5-year floodwater surface elevation.  

Results of the HEC-RAS analysis of the existing conditions indicate that the water surface 

elevation associated with the 1.5-year flood varies in the Phase 2 Reach, dropping rather steadily 

from 976.2 feet at the upper end to approximately 968.0 feet at the lower end (Dawes Avenue). 

Total elevation change for the 1.5-year flood elevation in the Phase 2 Reach is approximately 10 

feet. 

As outlined in Subsection 2.8.3, Bed and Bank Protection, the elevation selected as the upper limit 

of riverbank armor for the Transition Area is 975 feet, the same elevation as the upstream Phase 1 

Reach. This elevation was agreed upon during the Design Focus Group discussions. The group 

decided that a single elevation of 975 feet could be used in the Transition Area (and the Phase 1 

Reach) to facilitate ease of construction, while still meeting the habitat restoration objectives by 

utilizing a bank armor elevation that is less than the 1.5-year flood stage. That elevation, which will 

also maximize the revegetation area and reduce riprap costs, may actually be slightly conservative, 

given that the lower limits of vegetation have been observed in the field at elevations less than 975 

feet.  

One exception is located on the west bank between Stations 514+00 to 516+50, where the 

proposed top-of-armor elevation has been reduced to 973.5 feet. The armor elevation could be 

reduced here and still provide the needed erosion protection because the riverbank grades are 

generally less than 3H:1V and the area is located on the inside portion of a river bend where 

localized shear stresses and velocities are lower. The lowered armor elevation enhances the 

riparian habitat by increasing the area available for revegetation area and reduces armor 

construction costs. 

For the portions of the design reach from the Elm Street Bridge downstream to the end of Phase 

2, the HEC-RAS model indicates 1.5-year flood elevations ranging from approximately 975 feet 
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to 968 feet. Top-of-armor elevations for this portion of the Phase 2 Reach vary depending on the 

station, due to the increased gradient downstream of the Elm Street Bridge  

2.9.1.3 Selection of Riverbank Stabilization Methods 

Based on the subsurface geotechnical and slope stability analyses outlined in Subsection 2.6 

Geotechnical Analysis, it was determined that hard structures (i.e., walls) would be needed to 

stabilize many sections of riverbank in the Phase 2 Reach. To date, these analyses also indicate 

that straight revegetation can be used to stabilize the remaining bank areas where walls are not 

needed, and that bioengineering stabilization methods will likely not be needed. In addition to 

areas of straight revegetation, the revegetation method will also be used to stabilize the bank 

areas located between the tops of the walls and the upslope limit of excavation. 

The originally anticipated locations of walls and revegetation areas are shown on the preliminary 

plan sheets in Appendix H. Final wall locations and other bank treatments are shown in the 

Phase 2 Final Design submittals. The total quantity/length of retaining walls is significantly less 

than originally anticipated. 

2.9.1.4 Hard Structure Design 

For those areas of the Phase 2 Reach where “soft armor “ techniques for restoration were not 

technically viable due to such factors as the steepness of riverbank slopes, excessive river flow 

velocities, and shear forces, “hard armor” structures were to be implemented. In Phase 2, several 

types of “hard armor” wall systems were evaluated for the stabilization of the riverbanks in these 

locations. Evaluations were based on geotechnical considerations, as well as the physical 

limitations posed by the existing conditions within the river channel itself (such as bridge 

openings), and structures or buildings located close to the riverbanks on adjoining properties. 

These constraints had been identified and summarized as part of the Pre-Design Summary for 

Phase 2, prepared in July 2002 (WESTON, 07-0109). 

The wall types initially considered to be the most promising included: (1) Pre-cast concrete 

cantilevered retaining walls (with anchored tie-backs), and (2) concrete bin block walls. 

However, both of these wall types were eliminated from further consideration due to drawbacks 
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associated with sliding that resulted in wall base widths in the range of 6 to 8 feet. In addition, 

other negative constructabilty issues were identified involving anchoring and backfilling around 

the wall tie-backs. 

The hard armor wall type selected for the majority of the riverbank stabilization in the Phase 2 

Reach is a sheet pile wall system (both anchored and cantilevered). The portion of the riverbank 

between the top of the wall system and the top of the riverbank will be regraded wherever 

possible to 2:1 (horizontal to vertical) and in some cases grading will be as steep as 1.5:1. In 

many areas of the Phase 2 Reach, particularly the uppermost subreaches, this will result in a 

flattening of the existing bank slope inclination which typically ranges between 1:1 and 2:1 in 

these areas. The primary objective of this regrading will be to result in no net loss in usable 

property for those lands adjoining the riverbank. The regraded portion of the riverbank above the 

walls will be restored using revegetation techniques.  

The location and alignment of the hard armor wall system within the river channel will be 

selected to optimize the trade-off between loss of flood storage area versus excavation into the 

bank to the fullest extent practical.  

2.9.1.5 Revegetation Design 

Design Background 

The revegetation designs and methods for Phase 2 will be essentially the same as those used in 

the final Phase 1 design, with some minor modifications and added design details as outlined 

below. The basic riverbank revegetation method was initially developed in the EE/CA for the 

1.5-Mile Reach, February 2000 (WESTON, 07-0030) and in the Removal Action Work Plan for 

the Upper ½-Mile Reach (BBL, 1999; 07-0020) to meet the habitat restoration objectives. Those 

documents contained preliminary design criteria related to: (1) Planting density for trees, shrubs, 

and vines; (2) plant and seed species; (3) plant sizes and stock type; (4) general planting patterns; 

(5) topsoil specifications; and (6) erosion control measures following planting and seeding. The 

EE/CA document also established preliminary guidelines as to which slope grades were 

appropriate for revegetation, and which plant species would be planted within the various flood 
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stage elevation ranges. Per the EE/CA, revegetation was to occur on slopes no steeper than 

3H:1V. 

Those preliminary design criteria were refined and expanded during the Phase 1 design process. 

They followed the EE/CA criteria closely, but also included details and specifications on 

seasonal planting times, plant installation and seeding methods, mulching and fertilizing, and 

maintenance. In addition to the EE/CA criteria, the Phase 1 specifications and design drawings 

were based on: (1) Research into the conditions specific to the project area; (2) correspondence 

with local nurseries; (3) reviewer comments on the design submittals; (4) input from the 

Restoration Design Focus Group meetings; (5) the results of soil stability analyses; and (6) more 

detailed research into plant, seed, fertilizer, topsoil, and erosion control blanket applications.  

During the Phase 1 design process, the preliminary slope criteria were revised to allow 

revegetation to occur on slopes as steep as 2H:1V, facilitated by the results of slope stability 

analyses. Topsoil specifications were also reviewed and modified in regard to texture and 

organic content, allowing the use of a sandy loam augmented by locally available compost 

material if necessary (Brady, 1990, 99-0627; USDA, 1998, 99-0229). Venders were contacted to 

collect information on specifications, applications, and prices of long-term erosion control 

blankets to be used on the revegetation areas prior to planting. Nurseries were contacted to 

inquire about the general availability of the chosen species in their specified sizes, and to further 

define the general fertilization requirements and planting windows (Marcus, 2001, 99-2905; 

Pierson, 2001, 99-2909). In addition, a customized seed mix specification was developed to 

provide a range of native herbaceous species that can be seeded at any time of year, allowing for 

flexibility in construction scheduling (99-2905). Slight changes were also made to the list of 

plant species based on observations of high mortality along the Upper ½-Mile Reach of one of 

the shrubs initially specified in the EE/CA. 

Phase 2 Revegetation Design 

The revegetation design for Phase 2 will essentially be the same as the design used in the Phase 1 

plans. The primary changes made for the Phase 2 revegetation design include: 
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 Shrub Clump Size—Increased the size from 15 by 50 feet to 20 by 50 feet to accommodate 
longer bank slopes (with no increase in the overall stocking density of shrubs to be planted).  

 Vine—Removed from revegetation design per EPA comments. 

Issues and components specifically associated with the Phase 2 design are listed below. These 

will be further addressed and incorporated in the plans and specifications for the Transition Area 

and the remainder of the Phase 2 Reach. 

1. Revegetation Treatments at Wall Locations—To reduce the potential impacts of the 

retaining walls in regard to riparian habitat loss and warming of river waters due to thermal mass 

and sunlight reflection, the Phase 2 revegetation design will include the planting of trees upslope 

of the wall. To reduce the thermal effects of the walls on aquatic environments, trees will be 

planted on slopes above the wall to provide shading on the river and the wall itself. 

Another treatment that will enhance the establishment of vegetation wall locations involves how 

the adjacent slope merges with the wall. The design calls for the finish grade to meet the wall 

approximately 3 inches below the top of the wall. This will help control erosion at the wall-slope 

interface and allow a place for fine sediments and organic material to collect. These deposited 

sediments will provide a good medium for plant establishment, which will help stabilize the soil 

near the wall.  

2. The Effects of Tree Roots on Long-Term Wall Integrity—The Design Focus Group has 

raised some concerns regarding the potential effects that tree roots will have on the integrity and 

longevity of the retaining walls. Specific concerns include whether the tree roots would: (1) 

Work their way into the spaces between the wall panels; (2) cause the concrete to deteriorate 

prematurely (the design life of the wall is 50 years as proposed); or (3) pry, dislodge, deform, or 

topple the wall by exerting pressure from behind.  

Gray and Sotir (1996, 99-0632) conclude that there is little evidence of tree roots damaging 

retaining structures, and that plants (including trees) are compatible with engineered retaining 

structures, particularly if proper attention is paid to the mechanical and hydraulic properties of 

the backfill. They indicate that a coarse-grained, free-draining material should be used for 

backfill where plants are specified, though some amount of fines should be present for moisture 

and nutrient retention for plant uptake. They go on to say that plant roots tend to avoid zones 
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with low moisture, low porosity, or mechanical obstacles (e.g., rocks or concrete), and that roots 

also exhibit the ability to flow around an obstacle without deforming or disrupting it. They 

indicate that root reinforcement of the backfill compensates the surcharge on the wall from the 

weight of large trees. The principal danger of using trees next to structures is related to soil 

moisture extraction and ground settlement near large trees, but this is generally a serious problem 

only where there are soils with poor volume stability (i.e., plastic and silty clays). 

Based on the Gray and Sotir conclusions, it appears that the use of trees on slopes above the 

planned retaining walls will be compatible with the wall design. First, the gravel drain 

incorporated into the wall design will discourage the formation of large roots near the wall by 

limiting soil moisture and fines in that zone and will likely divert root formation across or into 

the bank. Also, the coarse-textured soil specified for backfill is not expected to cause problems 

with ground settlement caused by moisture extraction by large trees. Finally, the inherent 

characteristic of roots to flow around and by obstacles (i.e., the retaining wall in this case) makes 

the possibility of wall deformation or disruption unlikely. 

3. Long-Term Management of Riparian Vegetation—Input will be required from the local 

Conservation Commission to determine the process to meet the long-term maintenance 

objectives of replanted areas on private lands. This issue has been identified by the Restoration 

Design Focus Group, and will be addressed in the design process through continued dialog 

between the Design Team, the EOEA, the Conservation Commission, and riverfront landowners. 

4. Public Safety, Fencing, and Long-Term Maintenance of Walls—The issue of public safety 

has been discussed by the Restoration Design Focus Group, specifically in regard to the potential 

for people to fall off the walls into the river. The option of installing a fence has been discussed. 

Based on City of Pittsfield building requirements, a fence is required if a retaining wall creates a 

height differential of 4 feet between the high and low side and is within 2 feet of an access point 

(e.g., driveway, parking lot, or path). Based on the fact that no access point exists within 2 feet of 

the walls located within the Transition Area, a structure is not required on top of the wall to 

prevent falls. The Focus Group has also discussed the issue of how the operation and 

maintenance plan would handle plants (such as vines) growing on the fence, noting that many 

plans require removal of such plants. The shading functions of these plants will need to be 
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considered as plans are developed and finalized. One option is to address the maintenance issue 

in the Monitoring Plan for Phase 2. 

5. Potential for a River Walk—The incorporation of a walking trail along the river between the 

Elm Street Bridge and the Dawes Avenue Bridge was considered. EPA discussed the concept of 

a river walk with the Mayor of Pittsfield and members of the local business community, 

including the issue of who will own the land or hold the easement. Although the concept 

originally appeared favorable, the Trustees decided not to fund the river walk primarily due to 

cost considerations and a lack of support from the City of Pittsfield . 

6. The Use of Biodegradable Stakes for Erosion Control Blanket Anchors—The option of 

using biodegradable stakes to anchor the erosion control blankets in the revegetation areas is 

being considered by the Restoration Design Focus Group. These would be used in place of the 

metal wire staples specified for Phase 1. Biodegradable stakes are specifically made for use in 

environmentally-sensitive areas, and are designed to fully biodegrade (as opposed to 

“photodegrade”) in 6 to 18 months, depending on the size and weight of the stake. They are 

typically made from corn-based or starch-based polymers that are broken down by 

microorganisms in the soil. These stakes range from 4 to 6 inches in length, and some have barbs 

for better holding in the soil and hooks at the top to secure the blanket material. One advantage 

of the biodegradable stake is that the top connectors of the wire staples tend to corrode over time, 

leaving the two vertical pieces of wire sticking out of the ground and posing a potential puncture 

hazard to people, pets, or wildlife walking on them. 

Research suggests that using biodegradable stakes would be preferable to wire staples from both 

an ecological and a safety perspective, though at about three times the cost of standard wire 

staples. For example, the cost of the 6-inch BioSTAKE from North American Green is about 

$94/1,000, compared to about $25/1,000 for 6-inch and $35/1,000 for 8-inch sizes of metal wire 

staples. The effectiveness, benefits, and costs of biodegradable stakes will be more fully assessed 

prior to final design and specifications for the Transition Area. No evidence has been collected to 

date to suggest that biodegradable stakes would be any less effective than the staples in holding 

the erosion control blanket on the riverbank slopes. 
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2.9.2 Riverbed Restoration 

Riverbed restoration consists of replacing the aquatic habitat features of the riverbed after 

remediation, such that the habitat restoration objectives are achieved. Previous subsections have 

discussed the analyses conducted to design the riverbed armor and filter layers to prevent erosion 

and the subsequent mobilization of contaminated sediments (Subsections 2.6 and 2.7). This 

subsection describes the basis of design to restore the aquatic habitat. 

2.9.2.1 Design Concept 

Existing Conditions 

In the summer of 2000, Woodlot Alternatives, Inc. (Woodlot, 07-0034) conducted a baseline 

aquatic habitat survey that mapped the general locations of habitat units, large woody debris, 

deposition and scour areas, riverbank stabilization features (e.g., log crib walls), and large 

boulders within the 1.5-Mile Reach (Woodlot, 07-0034). This survey also measured channel 

dimensions and water velocities and estimated aquatic cover types at randomly selected 

transects.  

Another survey that was more site-specific was completed in the spring of 2002. This survey 

looked at the make-up of aquatic habitat within the Phase 2 project area, such as pool and riffle 

forming structures and processes, thalweg locations, boulder sizes, and locations, and also 

assessed potential restoration options for each habitat unit (i.e., pools, riffles, and runs) Pre-

Design Summary 1.5-Mile Removal Action – Phase 2, July 2002 (WESTON, 07-0109). 

Appendix I includes the existing habitat maps that were developed during the 2000 survey and 

then revised based on this more recent assessment. 

Base flow within the Phase 2 project area is approximately 25 to 40 cfs. Based on the 

hydrographs of the USGS Coltsville station and field observations, the East Branch of the 

Housatonic River responds quickly to precipitation events, which causes flood stages to increase 

rapidly. After the precipitation event, flood stages recede more gradually.  
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As a result of the hydrologic analyses conducted in Phase 1, the 1.5-year flood was used to 

define the bankfull flood event and corresponds to a discharge of 1,761 cfs (WESTON, 07-

0105). Additional information on the Housatonic River watershed, such as geology, water 

quality, historical river management, or existing fish and macroinvertebrate characterization, has 

been previously summarized (WESTON, 07-0030; Woodlot, 07-0034).  

The 1.5-Mile Reach has previously been divided into three general geomorphic reach types 

(WESTON, 07-0030) of which the Phase 2 project area covers portions of two. Listed below, 

moving from upstream to downstream, is a brief description of these geomorphic types, their 

associated locations within the Phase 2 project area, and the previously defined subreach 

classification.  

 End of Phase 1 Construction (Station 514+00) to Elm Street Bridge (Station 522+00)—The 
river is relatively flat, slow moving, and consists of long runs and deep pools with a 
predominant silt and sand substrate (EE/CA Subreach 3-10). 

 Elm Street Bridge to the Dawes Avenue Bridge (Station 543+00)—The river becomes 
steeper, narrower, and straighter and is made up of a distinct series of pools and riffles with a 
predominately cobble and boulder substrate as well as some bedrock control (EE/CA 
Subreaches 4-1, 4-2, and 4-3). 

 
A summary of the existing aquatic habitat conditions within each of these subreaches is 

described more fully below.  

End of Phase 1 Construction (Station 514+00) to Elm Street Bridge (Station 522+00)  

This portion of the river encompasses about 20% of the total length of the Phase 2 project area. 

The river in this subreach has a relatively flat gradient (<0.1%) and is made up of one habitat 

unit, a large pool (approximately 800 feet long). This unit provides fair habitat value: relatively 

uniform low-flow channel widths and channel velocities and limited diversity of hiding cover 

types. This pool is primarily influenced by the bedrock outcrop under the Elm Street Bridge, 

which causes water to impound upstream of it. During high flow, this bridge also constricts flow, 

which causes a backwater effect and additional pooling.  

The upstream portion of this subreach begins in a bend that is moderately sharp (i.e., arc angle 

ranges from 70 to 80 degrees). Helical flow patterns around this bend have created classic 
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meander bend morphology with the point bar on the inside bend and a well-developed thalweg 

along the outside portion of the bend. This has created some local secondary effects on the 

overall pool morphology (e.g., scour and filling). There is a smaller bend just before the Elm 

Street Bridge that, in planform, is relatively flat (i.e., arc angle of 20 to 30 degrees) and its bed 

topography is more uniform than this upstream bend.  

The low-flow channel width in this subreach varies from 45 to 55 feet and has a bankfull channel 

width between 55 and 65 feet. Average low-flow channel depths range from approximately 2.5 

to 3.5 feet with a maximum of 5.5 feet. Water depth is the primary hiding cover for aquatic 

organisms. As the existing conditions map shows, there are also a few areas of woody debris 

accumulation—large pieces of trash (e.g., old car bodies) and isolated boulders—that provide 

some additional hiding cover as well as colonization sites for macroinvertebrates. Typical fish 

species expected in this habitat type include smallmouth bass (Micropterus dolomieu), white 

sucker (Catostomus commersoni), and golden shiner (Notemigonus crysoleucas). 

Due to past channelization within this portion of the river, the riverbank cross-sections are 

typically trapezoidal (except at bends), with average riverbank grades that range from 1.5H:1V 

to 2.5H:1V and bank heights that range from 10 to 18 feet. Some remnant terraces are present, 

particularly along the west bank near the Elm Street Bridge. The thalweg is generally well 

defined in the upper portion of this subreach along the bend, but then becomes undefined as the 

channel approaches the bridge. The following figure shows the riverbank and existing aquatic 

habitat conditions in this subreach. 

Low-flow channel velocities are relatively slow and range from 0.1 to 0.5 ft/s. According to the 

results of the HEC-RAS model (Subsection 2.7), the typical maximum velocity and shear stress 

vary depending on the specific river station and flood event, but average 6.5 ft/s and 0.5 lb/ft2, 

respectively. Maximums occur between the 10- to 100-year flood events. As flows approach the 

bridge constriction, maximum velocities and shear stress increase to approximately 10.5 ft/s and 

2.0 lb/ft2, respectively. 

Riverbed substrate is primarily sand with minor amounts of fine gravel (i.e., <20%). 

Predominant bar types in this reach are point bars and side bars associated with the pools and 
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large woody debris, respectively. Lateral scour is limited along the larger, sharper bend along the 

east riverbank from approximately Station 514 to 518 (near the Barbalunga property), as the 

bend is currently armored with broken slabs of concrete, which appears to be protecting it from 

erosion. Bed scour is likely during flood events, particularly along the outside portion of this 

bend and locally around woody debris or miscellaneous large pieces of trash..  

Because the cross-sections on this subreach have not changed significantly from 1998 to 2002, 

the bank erosion present is minimal, the bar sizes have remained approximately the same, and 

the elevation of the lower limit of riparian vegetation appears relatively uniform, this suggests 

that the riverbed is in a state of dynamic equilibrium. Such an equilibrium means that sediment 

inputs from upstream sources balance the downstream transport quantities—sand is transported 

in and out of this pool during flood events at an equal rate such that overall bed elevations and 

bar sizes remain the same. We assume that some local areas scour during high flow, and then fill 

back in as floodwaters back up behind the Elm Street Bridge.  

Existing aquatic habitat and riverbank conditions during low-flow conditions 
(looking upstream from the Elm Street Bridge, Station 522+00, 4/17/02). 
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Elm Street Bridge to the Dawes Avenue Bridge (Station 543+00)  

This portion of the river encompasses about 55% of the total length of the Phase 2 project area. 

As the river passes through the Elm Street Bridge, it flows over outcrops of bedrock and glacial 

till, and its gradient steepens to approximately 0.5%. Here, the channel narrows and the average 

low-flow channel width and bankfull width are 40 and 50 feet, respectively. The channel 

planform also becomes straighter and its sinuosity decreases.  

Like the channel in the previous subreach, it has also been channelized and its riverbank cross-

sections are similarly trapezoidal, although they are relatively steeper (i.e., average riverbank 

grades range from 1H:1V to 1.5H:1V) and bank heights are higher (i.e., 18 to 28 feet.). At about 

Station 536+00, the river’s gradient decreases slightly, and the channel becomes wider with an 

average low-flow channel width of 50 feet. Changes in river morphology as a result of 

channelization are not as pronounced here, and bank grades decrease slightly to 1.5H:1V to 

2H:1V. However, municipal riverbank features, such as road fills or residential and commercial 

structures (e.g., foundations), abut the river in many places and restrict lateral channel movement 

here, as well as in the upper area below the Elm Street Bridge.  

Outcrops of bedrock and glacial till are most notable in the upper half of this subreach and 

provide the primary substrate source for the riverbed, which consists predominantly of cobbles 

and small boulders with a minor component of medium sized boulders (1.5- to 3-foot diameter). 

The bed surface appears armored (substrates of various sizes “locked” together) with the larger 

boulders embedded into this surface. 
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These coarse substrates have helped to create a series of distinct pools and riffles, which make up 

the dominant channel units in this subreach and generally provide good aquatic habitat (see 

following figure). At low-flow conditions, average water depths in pools and riffles range from 

2.0 to 4.0 feet and from 0.5 to 2.0 feet, respectively. Low-flow channel velocities range from 0.1 

to 1.0 ft/s in pools and from 0.5 to 3.0 ft/s in riffles. These channel units provide a wide variety 

of channel depths, widths, and velocities, and with the accompanying coarse substrate, they 

provide unique habitats within in the 1.5-Mile Reach for fishes such as common shiners (Luxilus 

cornutus), fallfish (Semotilus corporalis), and longnose dace (Rhinichthys cataractae).  

These riffles, most notably those at Station 526+00 and 536+00, are unique because they provide 

two primary functions to habitat quality. First, they have created colonization sites for 

macroinvertebrates such as caddisflies and mayflies, which then provide food sources for fish 

populations. Second, they help to oxygenate the water by creating turbulence. The larger 

boulders that are present in some riffles provide hiding cover at low flow, refuge from high 

flows, and small rearing areas (e.g., pocket pools) for aquatic organisms. Typical riffle gradient 

varies from 1.0 to 2.0%. The following figure shows the general existing conditions of these 

riffles during low flow.  

Existing pool and riffle sequence during low-flow conditions (looking upstream,  
Station 530+00, 4/17/02). 
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This coarse substrate and the associated water surface turbulence provide the primary hiding 

cover types in this subreach (see following figure).  

Pools in this subreach have been created, either separately or in combination, by boulders, 

bedrock outcrops, or existing man-made structures that have caused either impounding or a 

backwater effect. There are many boulders (primarily 1.5- to 3-foot diameters), a variety of 

pieces of trash, and a few isolated areas of woody debris accumulation within this subreach. In 

plan view, these pool-forming structures are generally straight and span the channel. Structure 

heights vary (approximately 1 to 3 feet) and are typically “washed out” at flows above bankfull 

stage. These structures appear relatively stable and have helped to develop and maintain these 

pools. These pools provide refuge for aquatic organisms during high flows, hiding cover from 

predation, and summer rearing habitat. Generally, fine sediments such as silt and sand tend to 

settle in pools as floodwaters recede, but they are later transported downstream during the onset 

of higher flows.  

 

Existing conditions of a riffle during low-flow conditions (looking upstream,  
Station 528+00, 4/17/02).



MK01|O:\20125257.103\Phase2BOD_FIN\Ph2BOD_FIN_S2.doc  2/16/2005 2-88

 

There is one unique pool-forming structure that is worth noting: it was formed by an old sewer 

line that is currently defunct, but makes for a functional pool with good habitat (i.e., diversity in 

water depths, velocities, and cover types). The structure is located at Station 525+50 and consists 

of relatively large blocks of concrete that have broken off from the former line. Sizes vary from 2 

to 5 feet in length (about 2 feet thick). As shown in the following figure, water impounds 

upstream of these concrete blocks to create a pool and has caused a scour hole and associated 

pool below from plunging water over the top of the blocks.  

Generally, the thalweg is well defined in the this subreach, as shown in the existing conditions 

maps, but becomes somewhat undefined in some of the wider runs (e.g., Station 540+00). Runs 

make up a minor component of the aquatic habitat in this subreach and generally lack habitat 

diversity or structure. They typically have a low-flow channel width of 50 feet with relatively 

uniform depths of 2 to 2.5 feet. The runs tend to get longer, wider, and shallower in downstream 

areas of this subreach where the river gradient flattens out.  

Turbulence around large boulders within riffles that provide typical hiding cover for 
aquatic organisms during low-flow conditions (Station 527+50, 4/17/02). 
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Within the upper half of this subreach, past channelization efforts have confined the river so that 

large flood events (e.g., 100-year) are contained within its channel banks and generally cause 

shear stresses and channel velocities to be higher than upstream of the Elm Street Bridge. Based 

on the HEC-RAS results, average maximum values vary depending on location and the flood 

frequency, but are typically associated with 100-year floods. Shear stresses range from 1 to 2.5 

lb/ft2 and channel velocities range from 7 to 10 ft/s. (Immediately below the Elm Street Bridge is 

a special area of concern for bed stability as these higher values are further exacerbated by the 

channel constriction caused by the bridge where maximum shear stresses and velocities reach 

approximately 6 lb/ft2 and 16 ft/s, respectively.) In the lower portion of this subreach, values tend 

to decrease to 0.5 to 1.0 lb/ft2 and 6 to 8 ft/s, respectively, as the channel gradient flattens out and 

the channel becomes less restricted.  

Because of the steeper gradient, extent of bedrock, and higher velocities, this subreach is 

primarily a transport zone within the river system. For example, there are limited areas of sand or 

silt accumulations because these particle sizes are generally transported downstream. Some 

portions of the armored riverbed that consist of cobble and gravel, however, may become 

Existing impoundment pool (upstream) and plunge pool (downstream), during 
low-flow conditions, formed by concrete blocks from an old sewer line (looking 

upstream, Station 525+50, 10/3/02). 
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destabilized during high flows and be transported downstream relatively short distances by 

rolling along the bed and collecting in riffles or side bars.  

Overall, the channel bed is very stable due to the extent of bedrock and till and is not likely to 

downcut. There are a few small erosion sources within this subreach, primarily bank slumps, 

which generally have resulted from the river undermining the riverbank toe and causing bank 

failure.  

Aquatic Habitat Restoration Objectives 

The general habitat restoration objectives listed in Subsection 1.3 were supplemented to provide 

specific aquatic habitat objectives to enhance habitat at low-flow conditions. Details regarding 

the development of these objectives are provided in the 2000 Aquatic Habitat Assessment 

(Woodlot, 07-0034). These objectives included:  

 Increase the variability in water velocity and channel width. 

 Increase the diversity and amount of substrate cover types and water turbulence cover types.  

2.9.2.2 Proposed Restoration Design  

This subsection describes the methodology used to develop the proposed restoration design and 

includes assumptions, general design approach and criteria, rationale for selecting in-stream 

structures, general description, habitat maintenance or enhancement value, construction detail 

and back-up calculations for the selected in-stream structures, and conceptual plan view riverbed 

restoration sheets. 

The proposed restoration design began by assessing the existing habitat conditions of each 

channel unit within the Phase 2 project area, which, as mentioned, occurred during the EE/CA 

and the pre-design efforts for Phase 2. Based on the aquatic habitat objectives, conceptual 

restoration plans were developed in the field for each channel unit during the pre-design. These 

plans consisted of utilizing various in-stream structures such as boulders or rock weirs to 

maintain and/or enhance aquatic habitat (WESTON, 07-0109). Appendix H shows the 

conceptual restoration plan view sheets for Phase 2.  
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The conceptual plans are based on the assumption that the pre-construction riverbed topography 

will be restored to these same elevations after remedial measures have been completed. This 

means that pools located along the outside portion of beds (e.g., Station 516) will be maintained 

because these features are associated with the channel planform (i.e., channel bend), bed 

topography, and flow dynamics (e.g., helical flow patterns) and will generally remain the same 

as the pre-existing condition after construction has been completed. Other pools that have been 

created by plunging or impounding water (e.g., pool associated with old sewer line at Station 

525+50) will also have the same bed topography as pre-construction, but the structures that help 

maintain the flow and sediment dynamics of these pools will need to be reused or replaced to 

similar pre-construction conditions.  

We also assumed that the creation of new channel units, such as pools, would not be needed in 

the Phase 2 project area. The existing size and quantities of channel units are satisfactory and 

typical of rivers of this size. For example, the pools in the project area are “geomorphically” 

spaced (within 5 to 7 channel widths [Leopold et al., 99-0223]) and are relatively stable 

(associated with channel bends or controlled by bedrock features), and shifts in the riverbed 

morphology are not likely given the past channelization, gradient, and proposed riverbank and 

riverbed armor. 

The habitat quality of the channel units, however, will be altered by the project (e.g., removal of 

woody debris that provides hiding cover and food sources for aquatic organisms). To mitigate 

the loss of woody debris, boulders and boulder structures will be used throughout to provide 

hiding cover, add channel roughness (dissipate energy in bend), and increase the diversity of 

water velocities. In-stream structure locations and orientations were based on meeting these 

objectives, while protecting the riverbed and riverbank armor from scour (FISRWG, 1998; 

Fischenich and Seal, 2000, 99-0629; Johnson and Stypula, 1993, 99-0633).  

We assumed that woody debris structures, such as log deflectors, would not be utilized as 

potential in-stream structures because these structures may become unstable (e.g., float 

downstream) and could cause the riverbed or riverbank to erode. Woody debris inputs from 

upstream sources and eventually from within the reach, however, are still possible. Although 

their control or channel impacts are difficult to fully assess and are beyond the scope of this 
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project, the proposed riverbed restoration design does consider how the proposed riverbed 

structures may potentially affect woody debris accumulation. This was primarily accomplished 

by keeping the structure height below the water surface elevation of the bankfull flood, which is 

when wood pieces are more likely to be mobile and could become caught on in-stream 

structures. We also minimized the use of structures that would cause channel constrictions in 

channel areas that are currently narrow and where debris may become trapped and impede flood 

flows. 

After we developed conceptual restoration plans based on existing conditions and habitat 

objectives, we then adjusted these plans as a result of a synthesis of various secondary design 

criteria that include the following:  

 Hydrologic and hydraulic parameters (e.g., flood frequencies, water surface elevations, HEC-
RAS values for maximum shear stress and velocity). 

 Overall project goals (i.e., sediment remediation, flood storage, and erosion protection). 

 Comments and concerns raised during the Phase 1 design process. 

 Long-term in-stream structure stability and functions. 

 Analyses that assessed riverbed scour as a result of proposed structures. 

 River morphology processes (e.g., deposition and erosion areas). 

 Discussions within the restoration design focus group meetings and with river restoration 
experts. 

 Literature reviews and experiences of previous restoration work, including the removal 
action work completed on the GE ½-Mile Reach. 

 Outside of the river considerations (e.g., stormwater management—locations of outfalls, and 
old sewer line). 

 Potential to reuse existing boulders (i.e., boulder cleaning pilot study). 

 Secondary in-stream structure design criteria (e.g., constructability, access, or cost). 

 Proposed retaining wall locations and riverbed armor configurations. 

 Existing floodplain structures (e.g., bridge abutments) and their needed protection. 
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As discussed in the restoration design focus group meetings, we anticipate that some in-stream 

structures may need to be relocated during construction. For example, some boulder locations 

may need to be moved as a result of shifting and positioning the pump by-pass pipes in the 

riverbed as remedial work progresses downstream. We assume that such relocations will be 

minor (e.g., 5 feet) and that these changes are not likely to affect the restoration efforts for 

maintaining or enhancing aquatic habitat. We assume that structures will be placed to the 

maximum practical extent as specified, and that if minor modifications are needed, they can 

occur upon consultation on-site between the Engineer and the restoration specialist.  

The extent of bedrock below the riverbed surface, particularly between the Elm Street Bridge 

and the Dawes Avenue Bridge, is relatively unknown and is also likely to influence the specific 

location of boulders. We anticipate similar site-specific assessments during the construction 

process will be needed to determine final boulder locations in these areas.  

During the pre-design aquatic habitat assessment, many structural details of the riffles could be 

mapped. Two riffles, however, as noted on the existing conditions maps, had too many boulders 

(i.e., generally the 2-foot diameter class) to count or had numerous boulders below the water 

surface and could not be accurately assessed. These riffles occurred at approximately Station 

522+00 to 523+20 and Station 526+00 to 528+50.  

Listed below are the proposed in-stream structures that will be utilized to meet the aquatic 

habitat restoration objectives for each of the subreaches within the Phase 2 project area. The in-

stream structures were selected to perform specific functions and processes within channel units 

(i.e., pools, riffles, and runs) to achieve the objectives while ensuring the other habitat restoration 

objectives are met (i.e., bed and bank protection). These selected structures include single-wing 

deflectors, rock weirs (low-profile check dams), and individual and clustered boulder 

placements.  

Boulders and Boulder Clusters 

To replace the habitat functions and processes associated with the existing woody debris or 

boulders, boulders and boulder clusters will be placed in strategic locations. Proposed boulders 
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and boulder clusters are expected to maintain or enhance the following: (1) cover for aquatic 

organisms (substrate and turbulence), (2) local scour areas around the boulders that prevent fine 

sediment deposition so that the bed armor surface is maintained and macroinvertebrate 

colonization can occur, (3) refuge areas for aquatic organisms during high flows, (4) riverbank 

protection and boulder stability, and (5) habitat complexity by adding diversity to localized 

velocity patterns.  

To enhance fish cover, boulder diameters were selected based on the water depth during low-

flow conditions so that boulders would protrude from the water surface and create localized 

turbulence and be submerged during higher flows (i.e., greater than 1.5-year event). Proposed 

boulder diameters include three size classes: 2.0-, 3.0-, and 4.0-foot. To enhance boulder stability 

and mimic existing conditions in the subreaches below the Elm Street Bridge where shear 

stresses and velocities increase, the boulders will be embedded by approximately 1/3 the boulder 

height. In the Transition Design Area, where shear stress and velocities are lower, boulders will 

be placed on the bed armor surface. A proposed boulder cluster detail is shown in Appendix J, 

which is similar to the design used in Phase 1 (WESTON, 2000, 07-0058).  

Generally, the boulders will be placed in or near the thalweg to provide cover during low-flow 

periods and be located within habitat units so that habitat cover is maintained or enhanced. For 

example, in riffles and runs, proposed boulders locations are in areas of relatively high velocity, 

so as to maintain or increase cover provided by turbulence. In pools and deeper runs, proposed 

boulder locations are along the margins of these units to maintain or increase cover provided by 

substrate.  

Boulders are also proposed to be located along the channel margin of some habitat units to help 

mitigate expected hydraulic changes as a result of proposed concrete retaining walls installed 

along the riverbanks (e.g., reduced roughness and increased velocities). Boulders placed in these 

areas are expected to help increase localized areas of channel roughness, and provide cover and 

refuge for fishes during high-flow events.  

The proposed boulder diameters were evaluated for stability during the flood events that 

produced the maximum shear stresses and velocities based on the existing conditions HEC-RAS 
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model results and were found to be stable for these conditions. This stability assessment is 

discussed more fully in Subsection 2.9.2.3.  

Single-Wing Rock Deflector 

A single-wing deflector is an aquatic habitat enhancement structure that is typically made out of 

rocks or logs and projects into the channel so that the channel width decreases and the river 

velocity increases adjacent to the deflector. Deflector size (i.e., width, height, and length) and 

boulder sizes are critical design elements that can influence the degree that these processes 

occur, as well as their performance at higher flows and their long-term stability. The specific 

parameters used for these elements in this design, and how they have been determined, are 

described below. A proposed detail and supporting design calculations, which are based on 

criteria used in Phase 1, are shown in Appendix J.  

To provide the needed diversity to channel width and velocity at low flows, single-wing 

deflectors (triangular in plan view) will be utilized in the runs. The deflectors will be placed 

along the riverbank so that low-flow channel width is reduced near the deflectors and velocity 

increases. With the additional placement of boulder clusters near the deflectors, generally placed 

on the opposite side of the river across from the wing deflector, various flow patterns and 

velocities will develop that will subsequently enhance aquatic habitat (e.g., complexity, species 

diversity, hiding cover).  

Diversity in channel depth is also expected to occur as sands deposit over the riverbed armor and 

then scour or fill during flood events. This will enhance habitat structure during low flow by 

creating a distinct path for the deeper part of the channel (thalweg) or by providing 

macroinvertebrate habitat (e.g., localized areas around boulders where the cobble armor surface 

is maintained). After floods, sand and silt are expected to deposit around and on the wing 

deflectors (e.g., bars that form due to eddies created upstream and downstream of these 

structures), which will ultimately form and create potential areas to support riparian vegetation 

over the long term. Even though this riparian vegetation is expected to be temporary and consist 

primarily of herbaceous communities, it will still provide aquatic habitat benefits (e.g., hiding 
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cover and food sources for aquatic organisms). The amount of vegetation and its stability will 

ultimately depend on the frequency and duration of flood events. 

The triangular single-wing deflector was selected because, as flows increase and overtop the 

structure, the flow will be redirected into the center of the channel, which will alleviate stress on 

the restored banks. At higher flood stages, particularly those that exceed bankfull flow, these 

structures are expected to become “washed out” with very limited effects on directing flow. 

Also, as the flows increase, the deflectors will provide additional channel roughness and aid in 

dissipating energies to help protect the bed and banks from erosion, as well as provide areas of 

lower velocity refuges for aquatic organisms during flood events.  

Deflectors that are more of a single vane shape were considered for the design, but were not 

selected because those that are oriented downstream tend to redirect higher flows into the bank 

causing potential bank instability, and deflectors oriented upstream may trap debris or ice at 

higher flows and cause structure instability.  

The guidelines for the effective width of a deflector (perpendicular distance from apex of 

deflector to riverbank) typically range from 10 to 50 percent of the channel width, depending on 

the site conditions and the restoration objectives (Fischenich and Allen, 2000, 99-0628; Ohio 

Department of Natural Resources, 1999, 99-0649; Johnson and Stypula, 99-0633; Wesche, 1985, 

99-0645). To maximize low-flow deflection and minimize backwater effects, the effective width 

selected for the final design was 30 percent. The effective width was based on recommendations 

by Craig Fischenich of CENAE (Fischenich, 2001, 99-2903) and field observations of the flow 

and scour/fill patterns around a rock wing deflector installed in the Upper ½-Mile Reach. 

Depending on the site-specific channel width within runs, the effective deflector width used in 

the final design ranges from 13 to 15 feet (Appendix J).  

The triangular wing deflectors have 45-degree angles adjacent to the bank, which make their 

lengths range from 20 to 25 feet long depending on the station. The height of the wing deflector 

is between 2.0 and 2.5 feet. This height corresponds to the low-flow elevation (approximately 30 

to 50 percent of bankfull stage) so as to minimize bed scour and bank erosion at flows greater 

than bankfull and maintain flood capacity (Fischenich, 2002, 99-2904; Abt et al., 1994, 99-

0623).  
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The deflector is constructed of boulders that vary in diameter from 1.0 to 3.0 feet, with the larger 

size boulders located on the outside of the deflector. These outside boulders will be embedded 

into the riverbed armor approximately 1.0 foot (1/3 the boulder diameter) to provide additional 

stability during high flows. Cobble size rock (same as bed armor) is utilized on the inside portion 

of the deflector, as depicted on the structure details (Appendix J). The boulders within this 

structure are assumed to be stable at the design discharge because these diameters are larger than 

what was determined for the bed and bank armor (Subsection 2.8.3); they are typically 

interlocked with adjacent boulders and generally will be more stable than individual boulders; 

and, as will be described in the boulder stability assessment below, the boulder diameters are 

larger than the minimal boulder diameter estimated to be stable under high flow conditions 

(Subsection 2.9.2.3).  

As mentioned, the deflector will cause local increases in velocity and will redirect flows toward 

the opposite bank during low flows, which is expected to increase the local shear stress and 

velocity on that bank and in the riverbed around the deflector (both plunging and constriction). 

To evaluate the potential riverbed scour that these structures may cause, a separate analysis was 

conducted and is described more fully in Subsection 2.9.2.4. 

Rock Weir  

Rock weirs, also known as low-profile check dams, wedge dams, or over pour ramps (Rosgen, 

1996, 99-2910), will be used to re-create similar structures that currently exist. These structures 

help to maintain pools by causing a plunge process that scours fines, impounds flow upstream 

and slows water velocity, dissipates energy, aerates water, provides hiding cover for aquatic 

organisms, and creates habitat diversity and complexity by causing variability in velocity and 

channel depth. 

The rock weir proposed is constructed with boulders (2- to 3-foot diameter) that span the low-

flow channel width and is straight in plan view. As depicted in Appendix J, the boulders are 

loosely packed against each other, embedded approximately 1/3 the boulder height, and vary in 

height.  
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As shown on the riverbed restoration design sheets, there are two locations where rock weirs will 

be installed. The proposed boulder diameters will keep the structure low in the channel profile 

such that, at flows that exceed the bankfull stage, these structures will be submerged and 

hydraulic impacts such as water surface elevation changes will be reduced.  

We have assumed that the concrete blocks associated with the old sewer line at Station 525+50 

will be removed and replaced with a rock weir. There is bedrock present at this site and the final 

structure placement will likely need to be modified in the field to fit the existing bed conditions 

once the river has been dewatered and the sediment remediated.  

To evaluate potential riverbed scour that these structures may cause, a separate analysis was 

conducted and is described more fully in Subsection 2.9.2.4. 

Riffle  

Riffles are important habitat units as they provide colonization sites for macroinvertebrates, food 

sources for fish, water oxygenation, diversity in channel velocities and depths, and hiding cover. 

As mentioned previously, there were two riffles that were too complex to map accurately, Station 

522+00 to 523+20 and Station 526+00 to 528+50.  

As noted, these riffles will be reconstructed to the same existing grade and will have the same 

general thalweg location, sinuosity, width, and depth as the existing condition. During low-flow 

conditions, the thalweg width averaged between 10 and 12 feet. Depths ranged from 1.0 to 2.0 

feet. Typical depths are not provided on the detail, as the riverbed will be put back to its existing 

elevations after sediment remediation work has been completed. Boulder sizes will range from 

2.0 to 4.0 feet in diameter and will be embedded into the bed armor approximately 1/3 the height 

of the boulder.  

Because the 2-foot boulder class size was too numerous to count, a boulder density per unit 

length of riffle is provided for each riffle. Measurements on the boulder size class densities were 

conducted during low-flow conditions (~30 cfs) on October 3, 2002. Boulder densities for the 

riffle located at Station 522+00 and Station 526+00 were 15 and 5 boulders per 50 feet of linear 
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channel length, respectively. The quantities and locations of the 3-foot and 4-foot boulder size 

classes will be placed within the riffle as shown on the riverbed restoration sheets (Appendix H).  

As shown in the detail, boulders are randomly placed in the riffle, except near the thalweg where 

they are placed along the edge of thalweg, to provide the cover functions that were previously 

stated and also to provide fish passage through the riffle during low-flow conditions. Final 

boulder locations will likely need to be modified, based on site-specific conditions, by the 

Engineer and the restoration specialist after sediment remediation work has been completed.  

In summary, the concept of the restoration design is shown on the conceptual restoration sheets 

included in Appendix H. The following are the anticipated riverbed restoration structures that 

will be used within each subreach: 

 End of Phase 1 Construction (Station 514+00) to Elm Street Bridge (Station 522+00)—
Boulders and boulder clusters. 

 Elm Street Bridge to the Dawes Avenue Bridge (Station 543+00)—Boulders and boulder 
clusters, rock weirs (2), and single-wing rock deflector (1). 

The final design of the riverbed restoration structures will be completed based on the as-built 

drawings of the remediated riverbed and the conceptual restoration drawings.  

Other Structures Considered 

Some structures such as double-wing deflectors, W-rock weirs, or J-hook rock vanes, were 

considered but not utilized in this design reach. Double-wing deflectors are primarily used to 

scour holes and create pools. The pools in the design reach are “geomorphically” spaced (within 

5 to 7 channel widths [Leopold et al., 99-0223]) and are relatively stable (channel migration or 

downcutting are not likely, given the gradient, channelization, proposed riverbank armor, and 

subsurface geology). These structures were not utilized for the following reasons: (1) they can 

cause scour at high flows and may create bed armor instability, and (2) no additional pools are 

needed in the design reach.  

W-rock weirs were not selected in the design reach because these structures do not blend with 

the existing pool topography (i.e., plunge pool in center of channel) as well as the existing rock 
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weirs (straight). J-hook rock vanes are typically installed in pools on the outside portion of 

bends, but given the existing low gradient and cross-section morphology (steep banks, deep 

pools) of the pools within the project reach (e.g. Station 517+00), they were not used for this 

design. 

Construction Accessibility 

We assessed the proposed channel road access locations to evaluate whether there were potential 

impacts (i.e., movement of vehicles or equipment) or conflicts (e.g., limited access) that might 

affect the construction process of the proposed in-stream habitat structures. While it is 

acknowledged that potential conflicts may be alleviated in the field during construction, we have 

tried to address them in advance. We assumed that the placement of boulders and boulder 

clusters would not impose significant constraints on operations within the stream channel, and, 

therefore, potential impacts related to their placement were not evaluated.  

The assessment was performed using construction sketches and drawings provided by WESTON 

in early 2002, as well as information provided by WESTON field personnel. These drawings 

show potential access locations as both discrete locations (“Potential Access Road”) and as 

locations along extended lengths of either riverbank (“Potential Access West Side”). 

There are no anticipated conflicts or impacts to constructability of aquatic habitat structures 

except between the Elm Street Bridge (Station 522+00) and the proposed partial rock weir 

(Station 525+50). Steep riverbanks on both sides of the channel characterize this area, and the 

proposed access road to the river channel is located at Station 524+00 on the east riverbank. 

Because the access road is upstream of the proposed rock weir location, constructability at this 

site could be problematic (i.e., the rock weir may block access to downstream areas of this 

structure after it is installed) that may result in river remediation work downstream of this point 

being accessed via the next downstream access road. The closest potential access point 

downstream of the proposed rock weir (Station 525+50) is located approximately 400 feet 

downstream (Station 530+00) on the east riverbank.  
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Based on this assessment, the proposed in-stream habitat structures, including boulders, boulder 

clusters, single-wing deflectors, and rock weirs, will have minor impacts on the overall 

construction process within the Phase 2 Reach of the river. 

2.9.2.3 Boulder Stability 

This subsection describes the methodology used to assess the stability of boulders incorporated 

into the proposed restoration design for the Phase 2 Reach of the Housatonic River, as described 

in Subsection 2.9.2.2 of this document. The purpose of the boulder stability analysis is to 

evaluate the stability of the proposed boulders under hydraulic forces, and does not account for 

forces resulting from stream-borne debris.  

Boulder stability was evaluated through the application of a moment stability analysis using 

hydraulic parameters derived from the existing conditions HEC-RAS model. The basis of the 

boulder stability analysis is the evaluation of forces that resist and promote overturning of the 

boulder (99-0629). The ratio of the moments associated with the respective forces that resist and 

promote overturning defines a factor-of-safety, which, if greater than unity, indicates a stable 

boulder (99-0629). 

For the boulder stability analysis, the Phase 2 Reach of the Housatonic River was partitioned into 

nine subreaches, based upon channel morphology and hydraulic parameters obtained from the 

HEC-RAS model. Within each subreach, the maximum calculated average channel shear stress 

for each of the 14 hydrologic scenarios evaluated was used to evaluate boulder stability. In some 

of the subreaches, the maximum calculated shear stress occurred at some intermediate flow event 

while in others, the maximum calculated shear stress coincided with the maximum flow event. 

The latter condition, exemplified by the lack of an inflection point in the flow magnitude versus 

shear stress relation, suggests that greater shear stresses than those calculated could occur during 

hydrologic events with greater magnitude than those that were actually evaluated.  

Using the maximum calculated shear stress for each subreach, minimum stable boulder sizes 

were calculated using a boulder particle angle of repose of 42 degrees (99-0629), a bed slope of 

0.0, an across bed slope of 10 degrees, and a secondary current angle-of-attack of 15 degrees. 

The latter three values are typical values representative of actual conditions on the Phase 2 Reach 
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of the Housatonic River. A boulder specific gravity of 2.65, corresponding to a boulder unit 

weight of 165 pounds-per-cubic-foot, was used for all cases. Minimum stable boulder sizes were 

calculated using the maximum average channel shear stress and two times the maximum 

calculated average channel shear stress along with safety factors of 1.0 and 2.0 (Appendix K). 

The resulting values were then compared to initial boulder sizing and placements, as determined 

from observations made during site surveys performed by a Woodlot fluvial geomorphologist. 

Final boulder sizing was then determined based upon the initial placement and verification of 

stability criteria as determined in the boulder stability analysis. Specific boulders were assumed 

to be stable if the proposed boulder size was greater than the calculated stable boulder size as 

estimated using a shear stress equal to two times the maximum calculated average channel shear 

stress and a factor-of-safety of 1.0. With the exception of the reach immediately below the Elm 

Street Bridge, the proposed initial boulder sizes determined following the fluvial 

geomorphologist’s field visit exceeded the aforementioned criterion with a factor-of-safety of 

2.0.  

2.9.2.4 In-Stream Structure Stability and Scour Analyses 

Methods of Analysis 

While there were no rock wing deflectors in the Transition Area, any deflectors in the remaining 

portion of the Phase 2 Reach will be evaluated in three ways to determine the needed stone 

requirements to protect against scour that may result from these structures. These scour analyses 

will include assessments of the deflectors as bends, constrictions, and as part of a drop structure 

(i.e., where the water begins to overtop the deflector). 

Deflectors will be analyzed as bends to estimate potential for scour along the upstream face of the 

deflector at low flows. This analysis will be based on the same procedures for river bends that were 

used in Phase 1. Ice, debris, and vandalism factors will not be considered. It will be assumed that 

the deflectors could increase the potential for hydraulic instability, but would not increase the 

potential damage because of these other factors. Bend radius and flow width will be estimated 

from the project drawing of proposed deflector design. The worst-case condition (lowest depth, 

highest velocity) will be used in the analysis, and will be the flow depth and velocity from the 
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HEC-RAS analysis of 0.5- to 2-year storms. A flat side slope will be assumed because the scour is 

likely to occur in the bed adjacent to the deflector. 

Deflectors also will be analyzed as contractions by the Gill equation (Gill, 1972, 99-0648), as 

suggested by Craig Fischenich (99-2903). The Gill equation estimates scour depth by comparing 

the constricted width to approach width, and the critical shear stress of the bed material to the shear 

stress in the constriction. 

To evaluate deflectors as drop structures, equations developed by Schocklitsch and Jager to 

estimate plunge pool depth downstream of a weir (Simons and Senturk, 1992, 99-0640) will be 

used. The scour depth estimate will be based on bed material size, head loss across the deflector, 

velocity, and flow rate. The parameters used to make the estimate will be based on the velocity and 

depth from the HEC-RAS analyses. Parameters used in the equations will be based on the 

assumption that rock deflectors overtop when flow reaches approximately 500 cfs (i.e., the 0.125- 

to 0.25-year storm). 

2.9.3 Post Construction Monitoring and Maintenance 

Post-construction monitoring durations and frequencies and specific maintenance activities and 

procedures for both the riverbank and riverbed restoration measures will be outlined at a later 

date in a Post-Construction Monitoring and Maintenance Plan. 

2.10 DESIGN IMPACT ANALYSIS 

2.10.1 Changes in Flood Storage Capacity and Water Surface Elevations 

2.10.1.1 Flood Storage Capacity Changes 

The procedures followed for developing volume calculations for Phase 2 are summarized in 

Subsection 2.5.1.1. Table 2-10.1 summarizes the final estimated change in flood-storage capacity 

for the reaches from Lyman Street to Elm Street and Elm Street to Dawes Avenue The overall 

reach, Lyman Street to Dawes Avenue, is further broken down into the reaches for the four 

design submittals completed to date: Phase 1 (Station 500+00 to Station 514+00), the Phase 1/2 

Transition Area (Station 514+00 to Station 522+29), the First 600 Feet of Phase 2 (Station 
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522+29 to Station 527+60), and Phase 2B (Station 527+60 to Station 543+50). In summary, the 

flood storage capacity from Lyman Street to Elm Street is increased by approximately 1,900 cy 

(about 384,000 gallons), with approximately 1,200 cy contributed by the Phase 1 Reach and 700 

cy contributed by the Transition Area (see the report, Supplemental Design Information for the 

Phase 1/Phase 2 Transition Area of the 1.5-Mile Reach Removal Action, DCN:GE-062703-

ABRG, Weston Solutions, Inc.). Between Elm Street and Dawes Avenue, the flood storage 

capacity is increased by approximately 1,000 cy, with 500 cy each contributed by the First 600 

Feet and the Remainder of Phase 2 (Phase 2B) (see the report, Supplemental Design Information 

for Phase 2 – Elm Street to Dawes Avenue – of the 1.5 Mile Reach Removal Action, DCN: GE-

022704-ACBK, Weston Solutions, Inc.). These changes are based on the following primary 

factors: 

 Lyman Street to Elm Street 

− Phase 1—Along the east and west banks, net increases of approximately 200 cy 
and 100 cy of flood storage capacity, respectively, are achieved. The 200 cy gain 
along the east bank is due to changes in the configuration of the existing versus 
final bank slopes. A loss of approximately 200 cy at the Silver Lake outfall 
extension is compensated by an additional gain of 300 cy in slope configuration 
along the west bank, thus a net gain of 100 cy on the west bank. In the riverbed, a 
net gain of approximately 900 cy is achieved. 

− Transition Area—Approximately 100 cy of flood storage capacity is lost at both 
the east and west banks because of the difference between the volume of soil 
excavated compared to the volume of backfill added to restore the site along each 
bank. This is due to installation of retaining walls and the requirement to maintain 
the top of bank. Approximately 900 cy of flood storage capacity is gained due 
primarily to overexcavation in the riverbed designed to compensate for losses of 
flood storage capacity. 

 Elm Street to Dawes Avenue 

− First 600 Feet of Phase 2—Approximately 1,400 cy are gained along the east 
bank due to the overexcavation at former house lot parcels and approximately 700 
cy are lost on the west bank due to filling at the base of the slope to meet 2:1 
slope requirements. An additional 200 cy is lost in the riverbed due to the west 
bank filling at the toe. 

− Remainder of Phase 2—Approximately 100 cy is lost along the east bank due to 
slight slope configuration changes (i.e., filling required to make slopes less steep). 
Approximately 300 cy is lost in the river bed due to filling along the toe of the 
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east bank slope near Stations 533+00 and 534+00. Approximately 900 cy is 
gained along the west bank primarily due to overexcavations designed to 
straighten the river and compensate for losses from Stations 532+50 to 534+00. 

 

Water Surface Elevation and Velocity Changes 

Proposed concrete walls and riprap stabilization were simulated by the HEC-RAS model. 

Vertical walls were input to the channel geometry between the proposed dam location and the 

upstream face of the Elm Street Bridge. Simulation of the existing channel bottom was changed 

from existing materials to riprap by changing the Manning’s ‘n’ coefficient to values ranging 

from 0.036 to 0.045. Where ACB is used in the riverbed immediately downstream of the Elm 

Street Bridge, an n-value of 0.025 was used. Along the riverbanks, n-values ranged from 0.036 to 

.045 for 12- to 18-inch rip rap. Walls were input with n-values of 0.017. Above the rip rap, no 

changes were made to the pre-existing conditions n-values based on the assumption that in the 

long term, vegetation will re-establish to a similar condition. Table E-1 and Figures E-1 through 

E-12 provide a summary of HEC-RAS model output for existing and proposed geometry and 

elevation and velocity changes from existing to proposed conditions for both the Lyman Street to 

Elm Street and Elm Street to Dawes Avenue Reaches. The proposed walls and riprap 

stabilization produced a maximum projected increased water surface elevation in the Lyman 

Street to Elm Street Reach at Station 519+50 of 0.38 feet at the 10-year flood flow (4,375 cfs). 

The maximum projected increase in flow velocity is 1.01 ft/sec during the 10-year storm event 

(4,375 cfs) at Station 506+00 (increase from 4 to 5 ft/sec). Between Elm Street and Dawes 

Avenue, the projected maximum water surface increase is 0.26 feet at Station 524+50 at the 100-

yr flood flow (8,721 cfs). The maximum projected increase in flow velocity is 3.94 ft/sec 

(increase from 6.96 ft/sec to 10.9 ft/sec) during the two year storm event (2,047 cfs) at Station 

522+18 (under the Elm Street Bridge). From Elm Street to Dawes Avenue, underfilling was not 

incorporated into the flood storage capacity change calculations and the HEC-RAS model as a 

conservative measure. Underfilling (typically by 6 inches) could be used in this area to increase 

flood storage capacity and lower post-construction water surface elevations, as was done from 

Lyman Street to Elm Street. The underfilling was not incorporated into these calculations as a 

conservative measure and because the actual depth to bedrock in this area was unknown. The 
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actual depth to bedrock will affect the actual backfill configuration and thus, the total amount of 

underfill, if any.  

Based in part on the information contained in this document, it is believed that the ARARs for 

working in a waterway will be attained. Specifically, after completion of work, there will be no 

significant net loss of flood storage capacity and no significant net increase in flood stage or 

velocities.  

2.10.2 Comparison of EE/CA and Draft Design Excavated Soil and Sediment 
Volume Estimates 

Table 2-10.2 compares the in-place volumes presented in Appendix O of the EE/CA to the 

design volume calculations. Subsequent to the EE/CA, the EE/CA Addendum (WESTON, 07-

0058) and July 2000 proposed plan (WESTON, 07-0033) added additional excavation volume to 

account for deeper excavation at aggrading bars downstream of Elm Street Bridge and increased 

excavation on residential properties. In-place volumes are shown, and the total in-place volumes 

as well as totals with a 10 percent overexcavation factor applied are shown. In the EE/CA, an in-

place volume estimate of 33,500 cy (including overexcavation factor) was estimated from 

Station 514+00 to Station 543+50 Phase 2, using the Average-End Method. From the final Phase 

2 design excavation calculations discussed in Subsection 2.5.1.2, a total in-place volume estimate 

of 35,000 cy was calculated (including overexcavation factor). This 1,500 cy increase in 

excavated volume for the final designs compared to the EE/CA volume is attributable to an 

additional 2,800 cy along the east bank, an additional 900 cy in the river bed, and a decrease of 

2,200 cy along the west bank. The reasons why volumes increased or decreased include the 

following:  

 Material behind retaining walls does not need to be excavated if it is at least 3 feet below the 
final grade.  

 The limit of excavation changed. 

 The configuration of walls changed; some walls were eliminated and banks were filled. 

 A 3-foot excavation depth was assumed in the riverbed from Elm Street to Dawes Avenue, 
compared to only 2 feet in the EE/CA. 
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 In some locations, excavations were increased beyond 3 feet to maintain flood storage 
capacity. 

 Deeper excavations in residential areas were included. 

 
Detailed calculations for the east bank, river channel, and west bank are included as Tables B-1, 

B-2, and B-3, respectively, in Appendix B.  
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Transects Total Average Water Approximate Seepage Estimated Estimated
Subreach Included Distance Width Depth Groundwater Rate Groundwater Groundwater

(ft) (ft) (ft) Flow Area (sq ft) (gpd/sq ft) Inflow (gpd) Inflow (gpm)
3-10 T093-T106 700 43 2-3 34300 1.1 37730 26.2
4-1 T107-T114 400 40 1-2 17600 0.5 8800 6.1
4-2 T115-T130 800 43 1-3 39200 0.5 19600 13.6
4-3 T131-T150 1000 43 0.5-1.5 46000 0.2 9200 6.4

4-4A T151-T156 300 38 1-1.5 12300 0.5 6150 4.3
4-4B T157-T168 600 32 2-3 22800 0.5 11400 7.9

Totals:   92880 64.5

Pittsfield, Massachusetts
EE/CA Reach of the Housatonic River

Table 2-4.1

Summary of Groundwater In-Flow Calculations
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Cut (CY) Fill (CY) Cut (CY) Fill (CY) Cut (CY) Fill (CY) Cut (CY) Fill (CY) Cut (CY) Fill (CY) Cut (CY) Fill (CY)
East Bank 5,200 5,000 1,900                   2,000                   7,100                   7,000                   2,800        1,400                  5,200            5,300                  8,000        6,700                  
River Bed 8,200 7,300 5,400                   4,500                   13,600                 11,800                 2,400        2,400                  7,600            6,700                  10,000      9,100                  

West Bank 4,500 4,400 1,900                   2,000                   6,400                   6,400                   200           900                     4,500            3,600                  4,700        4,500                  
Total 17,900 16,700 9,200                   8,500                   27,100                 25,200                 5,400        4,700                  17,300          15,600                22,700      20,300                

Overexcavation (@10%) 1,800 1,800 900                      900                      2,700                   2,700                   500           500                     1,700            1,700                  2,200        2,200                  

Total (w/ overexcavation) 19,700 18,500 10,100                 9,400                   29,800                 27,900                 5,900        5,200                  19,000          17,300                24,900      22,500                

Soil/Sediment Classification In-Place Volume Total With 
Overexcavation 
Factor of 10%

In-Place Volume Total With 
Overexcavation 
Factor of 10%

In-Place Volume Total With 
Overexcavation 
Factor of 10%

In-Place 
Volume

Total With 
Overexcavation 
Factor of 10%

In-Place 
Volume

Total With 
Overexcavation 
Factor of 10%

In-Place 
Volume

Total With 
Overexcavation 
Factor of 10%

Total TSCA Material (CY) 2,900 3,200                    1,600                    1,800                    4,500                    5,000            500                       500             2,000                    2,200         2,500                    2,700 

non-TSCA (CY) 15,000 16,500                    7,600                    8,300                  22,600                  24,800         4,900                    5,400           15,300                  16,800       20,200                  22,200 

Total 17,900 19,700                    9,200                  10,100                  27,100                  29,800         5,400                    5,900           17,300                  19,000       22,700                  24,900 

Transition Area
514+00 to Elm St.

Rest of Phase 2
527+60 to Dawes Elm To Dawes Total

First 600 Feet
Elm to 527+60

Table 2-5.1a
Design Excavation and Backfill Volumes

Lyman St. to Elm St. and Elm St. to Dawes Ave.

Rest of Phase 2
527+60 to Dawes Elm To Dawes Total

Lyman St. to Elm St. Elm St. to Dawes Ave.

Lyman to Elm Total

Lyman St. to Elm St. Elm St. to Dawes Ave.

Phase 1
Lyman to 514+00

Lyman to Station 514+00

First 600 Feet
Elm to 527+60

Table 2-5.1b
 Design Excavation Volumes by Soil/Sediment Classification

Lyman St. to Elm St. and Elm St. to Dawes Ave

Transition Area
514+00 to Elm St. Lyman to Elm Total
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TRANS STA FP LOB CHAN ROB FP Comments

92 514+25 0.03 0.052 0.033 0.052 0.1 L FP Open Field w/ short grass, Steep channel banks with concrete slab 
erosion control, R FP Woods , brush w/some fallen trees

94 515+25 0.03 0.05 0.035 0.05 0.1 L FP Open Field w/ short grass, Steep channel banks with concrete slab 
erosion control, R FP Woods , brush w/some fallen trees

96 526+25 0.03 0.05 0.035 0.05 0.08 L FP Open Field w/ short grass, Steep channel banks with concrete slab 
erosion control, R FP saplings, brush, weeds

98 517+25 0.03 0.06 0.037 0.06 0.08 L FP Open Field w/ short grass, Steep channel banks with concrete slab 
erosion control, R FP saplings, brush, weeds

100 518+25 0.04 0.06 0.037 0.06 0.08 L FP Heavy brush & small diameter trees, boulders @ channel edge, ROB 
steep, saplings brush & weeds, R FP woods & Brush

102 519+35 0.04 0.06 0.037 0.06 0.08 L FP Heavy brush & small diameter trees, boulders @ channel edge, ROB 
steep, saplings brush & weeds, R FP woods & brush

104 520+40 0.02 0.08 0.037 0.07 0.02 L FP Building & Parking lot, LOB very steep, boulders @ channel edge, ROB 
steep, brush & weeds, some trees falling into channel, R FP Parking lot

106 521+40 0.02 0.08 0.037 0.07 0.02 L FP Building & Parking lot, LOB very steep, wooded, debris in channel, ROB 
steep, brush & weeds, some trees falling into channel, R FP Parking lot

108 522+40 0.03 0.05 0.045 0.06 0.03
L FP Building & Parking lot, LOB deteriorating stone and concrete wall, 
beginning of cobble reach, ROB steep, brush & weeds, some trees falling into 
channel, R FP street then lawns

Elm St.

110 523+40 0.03 0.07 0.045 0.07 0.03
L FP Street and Lawns, LOB very steep w/ brush and leaning trees, old 
timber retaining wall, cobble/boulder channel bottom,  ROB steep, brush & 
weeds, some trees, R FP street then lawns

112 524+25 0.03 0.08 0.045 0.08 0.03
L FP Street and Lawns, LOB very steep, old crib wall w/ brush and leaning 
trees, cobble/boulder channel bottom,  ROB steep, brush & weeds, some 
trees, R FP street then lawns

114 525+35 0.03 0.08 0.045 0.08 0.03
L FP Street and Lawns, LOB very steep, old crib wall w/ brush and leaning 
trees, cobble/boulder channel bottom,  ROB steep, brush & weeds, some 
trees, R FP street then lawns

approx. 8-inch pipe crossing

116 526+35 0.03 0.08 0.045 0.08 0.03
L FP Street and Lawns, LOB very steep, old crib wall w/ brush and leaning 
trees, cobble/boulder channel bottom,  ROB steep, brush & weeds, some 
trees, R FP street then lawns

118 527+35 0.03 0.08 0.045 0.08 0.03
L FP Street and Lawns, LOB very steep,  wooded w/ leaning trees, 
cobble/boulder channel bottom,  ROB steep, brush & weeds, some trees 
falling into channel, R FP street then lawns

Table 2-8.1     

Manning's n Values for Input to HEC-RAS
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TRANS STA FP LOB CHAN ROB FP Comments

Table 2-8.1     

Manning's n Values for Input to HEC-RAS

120 528+40 0.03 0.08 0.045 0.08 0.03
L FP Street and Lawns, LOB very steep, wooded w/ leaning trees, 
cobble/boulder channel bottom - ,  ROB steep, brush & weeds, lots of leaning 
trees, R FP street then lawns

122 529+45 0.03 0.08 0.045 0.08 0.03
L FP Street and Lawns, LOB very steep, wooded w/ leaning trees, end of 
cobble reach,  ROB steep, brush & weeds, wooded - leaning trees, R FP 
street then lawns

124 530+45 0.03 0.08 0.038 0.08 0.03
L FP Street and Lawns, LOB very steep, wooded w/ leaning trees, earthen 
channel banks with some undercutting,  ROB steep, wooded with brush & 
weeds,  R FP street then lawns

126 531+40 0.03 0.08 0.038 0.08 0.03 L FP Street and Lawns, LOB very steep, wooded lots of underbrush, earthen 
banks with some undercutting,  ROB steep, wooded,  R FP street then lawns

128 532+35 0.03 0.08 0.038 0.08 0.03
L FP Street and Lawns, LOB very steep, wooded lots of underbrush, earthen 
banks with some undercutting ,  ROB steep, undercut slope, woods & 
underbrush,  R FP street then lawns

130 533+35 0.03 0.08 0.038 0.08 0.03
L FP Street and Lawns, LOB very steep, wooded lots of underbrush, earthen 
banks with some undercutting ,  ROB steep, woods & underbrush,  R FP 
street then lawns

132 534+35 0.03 0.08 0.038 0.04 0.03
L FP Street and Lawns, LOB very steep, thick grass on channel edge then 
wooded, earthen banks with some undercutting,  ROB steep, woods & 
underbrush,  R FP street, woods & lawns

134 535+50 0.03 0.08 0.038 0.04 0.035
L FP Street and Lawns, LOB very steep, thick grass on channel edge then 
wooded, earthen banks with some undercutting,  ROB steep, woods & 
underbrush,  R FP street, woods & lawns

136 536+45 0.03 0.09 0.038 0.04 0.035
L FP Street and Lawns, LOB very steep, heavy woods w/ increased weeds 
and underbrush, earthen banks with some undercutting,  ROB steep, woods 
& underbrush,  R FP street, woods & lawns

138 537+45 0.03 0.09 0.038 0.04 0.035
L FP Lawns then street, LOB very steep, heavy woods w/ increased weeds 
and underbrush, earthen banks with some undercutting,  ROB steep, woods 
& underbrush,  R FP street, woods & lawns

140 538+25 0.03 0.09 0.038 0.04 0.035 L FP Lawns (houses) then street, LOB very steep, heavy woods w/ increased 
weeds and underbrush, earthen banks with some undercutting,  ROB steep, 
woods & underbrush,  R FP street, woods & lawns

Gabions begin on ROB

142 539+25 0.03 0.05 0.038 0.04 0.035 L FP Lawns (houses) then street, LOB very steep, boulders placed along 
edge for erosion control then wooded, earthen banks with some undercutting,  
ROB Gabions placed for erosion control,  R FP street, woods & lawns
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TRANS STA FP LOB CHAN ROB FP Comments

Table 2-8.1     

Manning's n Values for Input to HEC-RAS

144 540+25 0.03 0.05 0.038 0.05 0.035
L FP Lawns (houses) then street, LOB very steep, boulders placed along 
edge for erosion control then wooded, earthen banks with some undercutting,  
ROB boulders placed along edge for erosion control,  R FP street, woods & 
lawns

Fab Shop Wall @ Right Edge of channel

146 541+15 0.03 0.09 0.038 0.09 0.035
L FP Street and Lawn, LOB very steep, wooded lots of underbrush, earthen 
banks some vegetation falling into channel,  ROB Fab Shop building adjacent 
to channel,  R FP street then lawns

148 542+10 0.03 0.09 0.038 0.09 0.035
L FP Street and Lawn, LOB very steep, wooded lots of underbrush, earthen 
banks some vegetation falling into channel,  ROB steep, saplings& trees 
falling into channel,  R FP street then lawns

150 543+0 0.03 0.09 0.038 0.09 0.035
L FP Street and Lawn, LOB very steep, wooded lots of underbrush, earthen 
banks some vegetation falling into channel,  ROB steep, Variety Store 
adjacent to channel,  R FP street then lawns

Dawes St.

152 544+0 0.04 0.09 0.038 0.09 0.04
L FP Lawns (houses) then street - more trees in lawns, LOB very steep, 
wooded lots of underbrush, earthen banks some vegetation falling into 
channel,  ROB steep, saplings& trees falling into channel,  R FP lawns - 
some trees

154 544+90 0.04 0.09 0.038 0.09 0.04 L FP Lawns/ more trees (houses) then street, LOB very steep, wooded lots of 
underbrush, earthen banks some vegetation falling into channel,  ROB steep, 
saplings& trees falling into channel,  R FP lawns - some trees

156 546+30 0.04 0.08 0.038 0.09 0.04
L FP Lawns/ more trees (houses) then street, LOB  wooded then lawns, 
earthen banks some vegetation falling into channel,  ROB wooded,  R FP 
lawns - some trees

158 547+60 0.04 0.07 0.038 0.08 0.04
L FP Lawns/ more trees (houses) then street, LOB  wooded then lawns, 
earthen banks some vegetation falling into channel,  ROB wooded,  R FP 
lawns - some trees

160 548+50 0.03 0.07 0.038 0.07 0.03
L FP Lawns/ few trees (houses) then street, LOB wooded then lawn, earthen 
banks some vegetation falling into channel,  ROB wooded,  R FP lawns - 
some trees

162 549+60 0.03 0.07 0.038 0.07 0.03
L FP Lawns/ few trees (houses) then street, LOB  wooded, earthen banks 
some undercutting and vegetation falling into channel,  ROB steep, saplings 
& trees falling into channel,  R FP lawns - some trees

164 550+50 0.03 0.07 0.038 0.06 0.03
L FP Lawns/ few trees (houses) then street, LOB  wooded, earthen banks 
some undercutting and vegetation falling into channel,  ROB steep, saplings 
& trees falling into channel,  R FP lawns - some trees

166 551+60 0.03 0.07 0.038 0.06 0.03
L FP Lawns/ few trees (houses) then street, LOB  wooded, earthen banks 
some undercutting and vegetation falling into channel,  ROB steep, saplings 
& trees falling into channel,  R FP lawns - some trees
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TRANS STA FP LOB CHAN ROB FP Comments

Table 2-8.1     

Manning's n Values for Input to HEC-RAS

168 552+70 0.03 0.07 0.038 0.07 0.03 L FP Lawns/ few trees (houses) then street, LOB steep, wooded, earthen 
banks some undercutting and vegetation falling into channel,  ROB steep, 
saplings & trees falling into channel,  R FP lawns - some trees

170 553+75 0.03 0.05 0.038 0.07 0.03 L FP Lawns/ few trees (houses) then street, LOB steep, wooded, earthen 
banks some undercutting and vegetation falling into channel,  ROB steep, 
saplings & trees falling into channel,  R FP wooded then lawn

172 554+60 0.03 0.05 0.038 0.05 0.03
L FP Lawns/ few trees (houses) then street, LOB wooded, earthen banks 
some undercutting and vegetation falling into channel,  ROB steep, saplings 
& trees falling into channel,  R FP wooded then lawn

174 555+60 0.03 0.05 0.038 0.06 0.03
L FP Lawns/ few trees (houses) then street, LOB  wooded, earthen banks 
some undercutting and vegetation falling into channel,  ROB steep, saplings 
& trees falling into channel,  R FP wooded then lawn

176 556+60 0.03 0.06 0.038 0.06 0.03
L FP Lawns/ few trees (houses) then street, LOB wooded, earthen banks 
some undercutting and vegetation falling into channel,  ROB steep, saplings 
& trees falling into channel,  R FP wooded then lawn
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Volume of Material to be Excavated (CY) 19,700 10,100                 29,800                 5,900                  19,000                24,900                
Volume of Material to be Backfilled 2 (CY)

(18,500) (9,400)                  (27,900)                (5,400)                 (18,500)               (23,900)               
Net Increase in Flood Storage 
Capacity3 1,200 700                      1,900                   500                     500                     1,000                  
1Positive value indicates net increase and negative value indicates loss. 

Location EE/CA Final Design 
Calculation

EE/CA Final Design 
Calculation

EE/CA Final Design 
Calculation

EE/CA Final Design 
Calculation

EE/CA Final Design 
Calculation

EE/CA Final Design 
Calculation

East Bank (CY) 4,200 5,200 1,700               1,900               5,900               7,100                     1,200                2,800          4,200                5,200 5,400      8,000               
River 8,200 8,200 5,500               5,400               13,700             13,600                   2,700                2,400          6,300                7,600 9,000      10,000             
West Bank 4,200 4,500                 3,000                 1,900 7,200               6,400                     1,700                   200          4,100                4,500 5,800      4,700               
Total (in place) 16,600 17,900 10,200             9,200               26,800             27,100             5,600      5,400               14,600       17,300             20,200    22,700             
Total with 10% Overexcavation 
Factor 18,300 19,700 11,200             10,100             29,500             29,800             6,200      5,900               16,100       19,000             22,300    24,900             

Transition Area
514+00 to Elm St.

Elm St. to Dawes Ave.

Elm To Dawes Total
First 600 Feet
Elm to 527+60

Rest of Phase 2
527+60 to Dawes

Table 2-10.1 
Summary of Estimated Flood Storage Capacity (FSC) Changes

Lyman St. to Elm St. and Elm St. to Dawes Ave

Transition Area
514+00 to Elm St.Lyman to 514+00

Lyman to 514+00

Lyman St. to Elm St.

Lyman St. to Elm St.

2The volume of material to be backfilled presented in this calculation represents no underfill in the riverbed.  The figures presented in Table 2-5.1a represent underfilling the riverbed, except where filling is required to meet 2:1 bank slope requirements.

3Of the 1,700 cy of increased flood storage capacity from Station 514+00 to Dawes, approximately 1,600 cy is within the HEC-RAS modeled 100-year floodplain and approximately 100 cy is outside of the 100-year floodplain.

Table 2-10.2
Comparison of In-Place Excavation Volume Estimates

Lyman St. to Elm St. and Elm St. to Dawes Ave
Elm St. to Dawes Ave.

Lyman to Elm Total

Lyman to Elm Total
First 600 Feet
Elm to 527+60

Rest of Phase 2
527+60 to Dawes Elm To Dawes Total
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 Housatonic River Project

1.5-Mile Reach Removal Action, Phase 2
Pittsfield, Massachusetts

FIGURE 2-2.1
PHASE 2 STACK BARS

TILE 4/5

Scale in Feet
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NOTE:  Datamart as of October 21, 2002
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Figure 2.4-1  Groundwater Elevation at LS-34
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APPENDIX A 
 

ESTIMATE OF SURFACE WATER AND STORM SEWER FLOWS  
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Estimation of Surface Water Runoff and Storm Sewer Inflows for the Phase 2 
Reach 

As part of the determination of design parameters for Phase 2 remediation work, the potential 

input of surface runoff within the Phase 2 reach was assessed.  Drainage areas were delineated 

and hydrologic data and potential runoff were evaluated as described in following methods.  

Results suggest that most of the runoff is discharged in the vicinity of the Elm St. Bridge (Area 

15—a paved lot upstream of the Elm St. Bridge, and Pipe 3—storm drain outlets just 

downstream of Elm St. Bridge). 

Analysis Method 

Part 1 - Drainage Area Analysis  

This analysis is summarized in the attached Table A-1. 

 Identified storm drain outlets and runoff areas that flow to river between STA 514+00 
and STA 550+00. 

 Delineated and measured drainage areas for each outlet and runoff area. 

 Results: 

− Identified inlet locations for 14 storm drains with mapped outlets between STA 
514+00 and STA 550+00. 

− Identified four overland flow locations. 

Part 2 - Precipitation Data Analysis 

 Obtained 15-minute precipitation data from 1984-1995 from NCDC for 
Lanesborough, MA. 

 Organized data. 

− Assuming in-river work will exclude the two-month ‘rainy’ period identified in 
previous flow frequency analyses, removed ‘rainy’ season values from 3/10 to 
5/12 for each year. 

− Calculated precipitation in inches. 

 Analyzed flow data to determine frequency of occurrence for river flow of 165 cfs. 
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 Estimated 15-minute and daily precipitation that corresponds to flow frequency. 

 Results. 

− Determined river flow frequency of 13 events/year. 

− Corresponding daily precipitation ~ 0.6 in. 

− Corresponding 15-minute precipitation ~ 0.2 in. 

− Accuracy to the nearest 0.1 inch at best. 

Part 3 - Hydrologic Analysis 

 Determined Curve Numbers for each drainage area using aerial photos. 

 SCS Runoff Equation - Calculated peak runoff using the SCS TR-55 runoff equation 
with 15- minute precipitation values. 

 SCS TR-55 Model - Calculated peak runoff using estimated SCS TR-55 Method with 
daily precipitation totals. 

Results: 

 Results are summarized in Table A-2. 

 Results ranged from negligible to approximately 5 cfs, with a total of approximately 
17cfs for the entire reach. 

 Two main inflow locations: 

− Pipe 3 (station 522+40); Elm St. drainage: 5 cfs 

− Area 15 (station 514+00 to 521+70); Large paved lot: 5 cfs  

− Most other inflow estimates < 1 cfs  

 These estimates do not consider ground water infiltration to storm drains, unmapped 
tie-in to storm drains, etc. 



Approximate Location
Station Side of River Notes

Storm Drain Outlets
1 514+00 East Outfall redirected u/s of STA 514+00

2 515+00 East
Outfall location redeveloped, new location 
unknown

3 522+40 West Two drain pipes (42-inch and 30-inch-diameter)
4 524+50 West
5 526+00 East
6 528+50 West At East Housatonic St
7 532+50 East At Harold St
8 533+50 West
9 536+50 West
10 541+50 West
11 543+40 East At Dawes Ave Bridge
12 543+40 West At Dawes Ave Bridge
13 545+00 West
14 549+50 West

Overland Flow
15 514+00 to 521+70 East
16 514+00 to 521+70 West
17 526+50 to 530+50 East
18 532+50 to 543+00 East
19 543+50 to 550+00 East
 

Drainage
Area

Table A-1

  Delineated Drainage Areas from Station 514+00 to 550+00
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Table A-2

Estimated Runoff for Delineated Drainage Areas

Drainage Area(1) Drainage Area CN(2) S(3) Qppt(4) Q15(5) Qd(6) Qfinal(7)
Number ft2 acre in cfs cfs cfs

Storm Drain Outlets
1 532,891 12.2 75 3.33 0.0113 0.56 NR 0.6
2 896,522 20.6 75 3.33 0.0113 0.94 NR 0.9
3 2,973,448 68.3 88 1.36 0.0256 7.04 2 5
4 47,895 1.1 75 3.33 0.0113 0.05 NR 0.1
5 177,165 4.1 75 3.33 0.0113 0.19 NR 0.2
6 796,547 18.3 75 3.33 0.0113 0.83 NR 0.8
7 774,924 17.8 75 3.33 0.0113 0.81 NR 0.8
8 199,485 4.6 70 4.29 0.0089 0.16 NR 0.2
9 64,170 1.5 72 3.89 0.0098 0.06 NR 0.1
10 53,708 1.2 72 3.89 0.0098 0.05 NR 0.05
11 1,861,631 42.7 70 4.29 0.0089 1.54 NR 1.5
12 520,336 11.9 75 3.33 0.0113 0.55 NR 0.5
13 70,448 1.6 68 4.71 0.0082 0.05 NR 0.1
14 1,478,703 33.9 70 4.29 0.0089 1.22 NR 1.2

Overland Flow
15 503,596 11.6 98 0.20 0.0990 4.62 5 5
16 73,238 1.7 69 4.49 0.0085 0.06 NR 0.1
17 83,700 1.9 75 3.33 0.0113 0.09 NR 0.1
18 75,330 1.7 75 3.33 0.0113 0.08 NR 0.1
19 100,440 2.3 70 4.29 0.0089 0.08 NR 0.1

Precipitation Data(inches)
15-minute 0.2
24-hour 0.6

SCS Runoff Equation SCS TR-55 Model

Notes:
1. Estimated from storm drainage map provided by WESTON.
2. Curve number based on cover conditions evaluated from aerial photos of the drainage area.  Curve number based on average antecedent 
moisture conditions.
3. S = Potential maximum retention after runoff begins = 1000/CN-10
4. Qppt = (P-Ia)^2/((P-Ia)+S); where
        Qppt = actual runoff
        P = precipitation
        S = potential maximum retention
        Ia = initial abstraction = 0 after runoff begins; calculation evaluates runoff during the peak 15-minute precipitation period.
5. Q15 = peak 15-minute runoff flow rate = Qppt(ft)*Drainage Area (ft2)/900 seconds
6. Qd = peak flow rate calculated by TR-55 method, based on 0.6 inch daily rainfall, Time of Concentration = 0.1 hr, Storm Type = III.  NR = 
No result due to limited model resolution
7. Qfinal = Q15 if Qd = NR; otherwise Qfinal = Average(Q15,Qd), rounded to the nearest cfs.
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APPENDIX B 
 

DETAILED VOLUME CALCULATIONS 



Station
Cut. Area, 

ft2
Fill Area, 

ft2
Length 

ft
Adjustment for 

Curve
Total Length 

(ft)
Cut Volume, 

cy
Fill Volume, 

cy
514+00 88.98 64.33
514+08 69.24 65.6 8.22 0 8.22 24 20
514+50 61.15 62.92 41.78 6 47.78 115 114
515+00 42.50 50.63 50 5 55 106 116
515+50 67.11 75.13 50 8.5 58.5 119 136
516+00 73.22 75.66 50 6 56 146 156
516+50 79.82 79.26 50 10 60 170 172
517+00 91.94 89.48 50 8 58 184 181
517+50 60.13 84.13 50 5 55 155 177

518+00W 84.76 81.38 50 5 55 148 169
518+00 95.26 83.88
518+25 73.19 63.72 25 0 25 78 67
518+50 35.55 30.91 50 0 50 101 106
519+00 38.09 45.47 50 0 50 68 71
519+50 32.30 42.68 50 0 50 65 82
520+00 54.36 58.91 50 -10 40 64 75
520+50 57.89 61.33 50 -7 43 89 96
521+00 54.68 54.68 50 -10 40 83 86
521+50 33.30 29.84 50 5 55 90 86
521+70 33.30 29.84 20 0 20 25 22

TOTAL cy 1,830 1,931

Station
Length 

ft
Adjustment for 

Curve
Total Length 

(ft)
Cut Volume, 

cy
520+40
520+50 10 0 10 21
520+60 10 0 10 21

TOTAL cy 43

Area 101.92 ft2

Distance 20 ft
Volume 75.496296 cy Total Addition Res. Volume 33 33

Total Transition Area East Bank 1,862 1,964

 Table B-1 - Transition Area Design Volume Calculations for the East Bank

Normal Volume of Excavation Located in Residential Area

Cut. Area, ft2

57.89
57.89
57.89

Additional Excavation Due to Deeper Excavation in Residential Area

O:\20125257.103\Phase2BOD_FIN\Ph2BOD_FIN_AppB_TblB-1_B-2_B-3.xls B-1 2/16/2005



Station
Cut. Area, 

ft2
Fill Area, 

ft2
Length 

ft
Adjustment for 

Curve
Total Length 

(ft)
Cut Volume, 

cy
Fill Volume, 

cy
521+68 0.00 0
522+00 0.00 0 32 0 32 0 0
522+34 0.00 0 33.99 0 33.99 0 0
522+34 73.94 31.11
522+50 85.69 30.91 16.01 0 16.01 47 18
522+79 70.28 28.89 29.36 0 29.36 85 33
523+10 161.91 30.41 30.64 0 30.64 132 34
523+50 134.19 49.83 40 0 40 219 59
524+00 143.15 59.45 50 0 50 257 101
524+50 118.94 53.89 50 0 50 243 105
525+00 73.69 32.04 50 0 50 178 80
525+50 104.24 60.61 50 0 50 165 86
526+00 134.60 80.41 50 0 50 221 131
526+50 98.49 69.00 50 0 50 216 120
527+00 161.59 100.35 50 0 50 241 157
527+50 150.83 106.48 50 0 50 289 192
527+60 150.83 106.48 10 0 10 56 39
528+00 89.34 104.26 50 0 50
528+50 0.00 0 50 -7 43
529+00 0.00 0 50 -10 40 0 0
529+50 0.00 0 50 5 55 0 0
529+70 0.00 0 20 0 20 0 0

TOTAL cy 2,349 1,154

Station
Cut. Area, 

ft2
Fill Area, 

ft2
Length 

ft
Adjustment for 

Curve
Total Length 

(ft)
Cut Volume, 

cy
Fill Volume, 

cy
521+68 0.00 0.00
522+00 0.00 0.00 32 0 32 0 0
522+34 0.00 0.00 33.99 0 33.99 0 0
522+34 0.00 2.57
522+50 0.00 2.48 16.01 0 16.01 0 1
522+79 0.00 0.75 29.36 0 29.36 0 2
523+10 42.23 7.78 30.64 0 30.64 24 5
523+50 3.16 26.13 40 0 40 34 25
524+00 10.14 34.94 50 0 50 12 57
524+50 46.53 7.72 50 0 50 52 40
525+00 125.00 18.25 50 0 50 159 24
525+50 45.89 7.73 50 0 50 158 24
526+00 0.96 0.50 50 0 50 43 8
526+50 6.23 2.14 50 0 50 7 9
527+00 0.00 0.00 50 0 50 6 2
527+50 4.29 1.86 50 0 50 4 2
527+60 3.43 1.49 10 0 10 1 1
528+00 0.00 0 50 0 50
528+50 0.00 0 50 0 50
529+00 0.00 0 50 0 50 0 0
529+50 0.00 0 50 0 50 0 0
529+70 0.00 0 20 0 20 0 0

TOTAL cy 501 198

Total East Bank Volume Station 522+29 to Station 527+60 2,849 1,352

 Table B-1 - Final Station 521+29 to Station 527+60 Design Volume Calculations for the East Bank - 
Within Limit of Work

 Table B-1 - Final Station 522+29 to Station 527+60 Design Volume Calculations for the East Bank
 Cut/Fill Volumes Beyond Limit of Work East Bank
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Station
Cut. Area, 

ft2
Fill Area, 

ft2
Length 

ft
Adjustment for 

Curve
Total Length 

(ft)
Cut Volume, 

cy
Fill Volume, 

cy
527+50 107.16 46.15
527+60 102.46 60.40 10 0 10
528+00 117.42 117.38 40 0 40 163 132
528+50 109.41 108.03 50 0 50 210 209
529+00 104.13 107.89 50 0 50 198 200
529+50 141.85 125.59 50 0 50 228 216
530+00 167.34 162.68 50 0 50 286 267
530+50 196.79 193.96 50 0 50 337 330
531+00 155.40 155.40 50 0 50 326 323
531+50 174.08 188.00 50 0 50 305 318
532+00 146.63 153.32 50 0 50 297 316
532+50 168.71 116.01 50 0 50 292 249
533+00 74.32 59.80 50 0 50 225 163
533+50 48.98 71.71 50 0 50 114 122
534+00 38.18 62.09 50 0 50 81 124
534+50 73.37 73.46 50 0 50 103 126
535+00 47.14 56.15 50 0 50 112 120
535+50 52.58 55.50 50 0 50 92 103
536+00 66.90 63.79 50 0 50 111 110
536+50 60.88 64.10 50 0 50 118 118
537+00 45.16 64.68 50 0 50 98 119
537+50 49.75 56.87 50 0 50 88 113
538+00 44.19 60.52 50 0 50 87 109
538+50 60.74 79.68 50 0 50 97 130
539+00 63.02 71.17 50 0 50 115 140
539+50 123.16 127.15 50 0 50 172 184
540+00 75.73 75.29 50 0 50 184 187
540+50 84.48 85.46 50 0 50 148 149
540+75 88.26 87.46 25 0 25 80 80
541+00 85.40 82.24 25 0 25 80 79
541+50 50.59 68.82 50 0 50 126 140
542+00 73.39 64.84 50 0 50 115 124
542+50 47.91 52.70 50 0 50 112 109
542+60 41.53 45.76 10.13 0 10.13 17 18
542+75 41.53 45.76 14.87 0 14.87 23 25
543+00 0.00 0.00 25 0 25 0 0
543+35 59.86 56.40 35 0 35 0 0
543+50 59.86 56.40 15 0 15 17 16

Total East Bank Volume Station 527+60 to 543+50 5,157 5,267

 Table B-1 - Final Station 527+60 to Dawes Ave. Design Volume Calculations for the East Bank - Within 
Limit of Work
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Station
Excav. 

Area, ft2
Backfill 
Area, ft2 Length ft

Excav. Volume, 
cy

Backfill 
Volume*, cy

514+00 209.29 155
514+08 207.51 151.93 8.22 63 47
514+50 197.98 152.62 41.78 314 236
515+00 194.54 144.09 50 363 275
515+50 221.25 151.46 50 385 274
516+00 208.58 142.05 50 398 272
516+50 199.17 136.2 50 378 258
517+00 155.17 113.79 50 328 231
517+50 159.86 120.11 50 292 217

518+00W 181.89 132.77 50 316 234
518+00 181.88 143.7
518+25 231.55 147.75 25 191 135
518+50 231.04 160.05 25 214 143
519+00 210.94 155.38 50 409 292
519+50 199.24 167.56 50 380 299
519+70 174.91 181.68 20 139 129
520+00 174.91 181.68 30 208 194
520+50 166.57 171.7 50 316 327
521+00 162.01 162.01 50 304 309
521+50 174.75 174.26 50 312 311
521+70 174.75 174.26 20 129 129

TOTAL cy 5,440 4,311

Station
Cut. Area, 

ft2
Fill Area, 

ft2 Length ft
Adjustment for 

Curve
Total Length 

(ft)
Cut Volume, 

cy
Fill Volume, 

cy
514+00 0.00 0
514+08 0.00 5.47 8.22 0 8.22 0 1
514+50 0.00 0.96 41.78 6 47.78 0 6
515+00 0.00 2.64 50 5 55 0 4
515+50 0.00 4.58 50 8.5 58.5 0 8
516+00 0.00 10.19 50 6 56 0 15
516+50 0.00 9.14 50 10 60 0 21
517+00 0.00 8.41 50 8 58 0 19
517+50 0.00 9.78 50 5 55 0 19

518+00W 0.00 10.42 50 5 55 0 21
TOTAL cy 0 113

Station
Excav. 

Area, ft2
Backfill 
Area, ft2 Length ft

Adjustment for 
Curve

Total Length 
(ft)

Cut Volume, 
cy

Fill Volume, 
cy

519+50 0.00 0
519+70 0.00 8.62 20 5.5 25.5 0 4
520+00 0.00 8.62 30 5.5 35.5 0 11
520+50 0.00 9.83 50 5 55 0 19
521+00 0.00 8.35 50 10 60 0 20
521+50 0.00 8.53 50 0 50 0 16
521+70 0.00 8.53 20 0 20 0 6

TOTAL cy 0 76

Total Transition Area Sediment Cut and Fill 5,440 4,500

Fill Volumes for Wall Wedge Cover-East Bank (1:1 Slope)

Table B-2 - Transition Area Design Volume Calculations for the River Sediment

Fill Volumes for Wall Wedge Cover-West Bank
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Station
Excav. 

Area, ft2
Backfill 
Area, ft2 Length ft

Excav. Volume, 
cy

Backfill 
Volume*, cy

521+68 0.00 0.00
522+00 0.00 0.00 32.00 0.00 0.00
522+34 0.00 0.00 33.99 0.00 0.00
522+34 99.72 96.82 0.00 0.00 0.00
522+50 103.00 94.08 16.01 60.10 56.60
522+79 108.72 102.64 29.36 115.11 106.96
523+10 101.36 106.65 30.64 119.20 118.75
523+50 110.98 137.36 40.00 157.29 180.75
524+00 129.05 163.43 50.00 222.25 278.51
524+00 129.05 163.43
524+50 126.29 127.16 50.00 236.43 269.06
525+00 138.63 154.32 50.00 247.85 294.21
525+50 115.81 115.81 50.00 235.59 250.12
526+00 144.77 160.40 50.00 241.28 255.75
526+50 135.23 150.00 50.00 259.26 287.41
527+00 97.44 99.13 50.00 215.44 230.68
527+50 125.21 145.56 50.00 206.16 226.56
527+60 121.27 138.95 10.00 40.50 44.09
528+00 105.50 112.50 40.00
528+50 0.00 0.00 50.00
529+00 0.00 0.00 50.00 0.00 0.00
529+20 0.00 0.00 20.00 0.00 0.00

TOTAL cy 2356 2599
Estimated Underfill 0 200
Total Station 522+29 to 527+60Volume 2356 2399

Table B-2 - Final Phase 2 Station 521+29 to Station 527+60 Design Volume Calculations for River Sediment
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Station
Cut Area, 

ft2
Fill Area, 

ft2 Length ft Cut Volume, cy
Fill Volume, 

cy
527+50 83.48 103.83
527+60 87.90 102.81 10 32 38
528+00 105.59 98.71 40 143 149
528+50 113.06 99.56 50 202 184
529+00 122.47 102.77 50 218 187
529+50 110.03 94.46 50 215 183
530+00 109.23 92.17 50 203 173
530+50 117.74 99.53 50 210 178
531+00 132.87 111.91 50 232 196
531+50 103.48 87.47 50 219 185
532+00 162.63 139.92 50 246 211
532+50 139.13 120.19 50 279 241
533+00 101.33 133.40 50 223 235
533+50 108.42 128.77 50 194 243
534+00 146.53 132.69 50 236 242
534+50 119.81 105.26 50 247 220
535+00 123.98 106.50 50 226 196
535+50 129.12 112.16 50 234 202
536+00 130.05 112.42 50 240 208
536+50 125.29 106.21 50 236 202
537+00 126.73 106.47 50 233 197
537+50 129.48 108.29 50 237 199
538+00 126.16 106.20 50 237 199
538+50 120.09 101.77 50 228 193
539+00 136.00 115.55 50 237 201
539+50 115.86 97.37 50 233 197
540+00 158.95 133.49 50 254 214
540+50 139.89 122.13 50 277 237
540+75 112.62 94.46 25 117 100
541+00 157.77 124.11 25 125 101
541+50 147.72 127.32 50 283 233
542+00 137.75 115.95 50 264 225
542+50 138.65 118.65 50 256 217
542+60 150.44 132.16 10.13 54 47
543+00 179.47 150.05 39.87 244 208
543+40 152.10 128.99 39.65 243 205
543+50 152.10 128.99 10.35 58 49

Total Volume 527+60 to 543+50 7,618 6,694

Table B-2 - Final Phase 2 Station 527+60 to Dawes Ave. Design Volume Calculations for River Sediment
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Station
Excav. 

Area, ft2
Backfill 
Area, ft2 Length ft

Adjustment 
for Curve

Total 
Length (ft)

Cut Volume, 
cy

Fill Volume, 
cy

514+00 181.36 110.75
514+08 189.68 111.77 8.22 0 8.22 56 34
514+50 103.81 83.03 41.78 0 41.78 227 151
515+00 54.62 54.7 50 -6 44 129 112
515+50 105.03 72.23 50 -8 42 124 99
516+00 94.97 76.5 50 -10 40 148 110
516+50 99.36 77.08 50 -10 40 144 114
517+00 88.89 78.87 50 -9 41 143 118
517+50 68.14 71.91 50 -5 45 131 126
518+00 48.66 57.82 50 0 50 108 120
518+25 81.86 71.59 25 -2.5 22.5 54 54
518+50 102.27 92.81 25 -5 20 68 61
519+00 111.17 92.58 50 0 50 198 172
519+50 71.09 67.12 50 4 54 182 160
519+70 71.09 67.12 25 5.5 30.5 80 76

519+70W 19.85 36.49
520+00 19.85 36.49 25 5.5 30.5 22 41
520+50 9.71 35.08 50 5 55 30 73
521+00 16.25 63.4 50 10 60 29 109
521+50 5.86 75.47 50 0 50 20 129
521+70 5.86 75.47 20 0 20 4 56

TOTAL cy 1,900 1,914

Station
Excav. 

Area, ft2
Backfill 
Area, ft2 Length ft

Adjustment 
for Curve

Total 
Length (ft)

Cut Volume, 
cy

Fill Volume, 
cy

514+00 0.00 0
514+08 0.00 0 8.22 0 8.22 0 0
514+50 0.00 0 41.78 0 41.78 0 0
515+00 0.00 0 50 -6 44 0 0
515+50 0.00 0 50 -8 42 0 0
516+00 0.00 0 50 -10 40 0 0
516+50 0.00 0 50 -10 40 0 0
517+00 0.00 0 50 -9 41 0 0
517+50 0.00 0 50 -5 45 0 0
518+00 0.00 0 50 0 50 0 0
518+25 0.00 0 25 -2.5 22.5 0 0
518+50 0.00 0 25 -5 20 0 0
519+00 0.00 0 50 0 50 0 0
519+50 0.00 0 50 4 54 0 0
520+00 0.00 0 25 5.5 30.5 0 0
520+50 0.00 17.85 50 5 55 0 18
521+00 0.00 16.26 50 10 60 0 38
521+50 0.00 25.84 50 0 50 0 39
521+70 0.00 25.84 20 0 20 0 19

TOTAL cy 0 114

Total Transition Area West Bank Cut and Fill 1,900 2,028

Table B-3 - Transition Area Design Volume Calculations for the West Bank

Transition Area Cut/Fill Volumes Beyond Limit of Work West Bank
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Station
Cut. 

Area, ft2
Fill Area, 

ft2 Length ft
Adjustment 
for Curve

Total 
Length (ft)

Cut Volume, 
cy

Fill Volume, 
cy

521+68 0.00 0.00
522+00 0.00 0.00 32.00 0.00 32.00 0.00 0.00
522+34 0.00 0.00 33.99 0.00 33.99 0.00 0.00
522+34 12.95 12.95
522+50 6.84 7.03 16.01 0.00 16.01 5.87 5.92
522+79 17.27 27.60 29.36 0.00 29.36 13.11 18.83
523+10 15.90 30.23 30.64 0.00 30.64 18.82 32.81
523+50 11.11 28.99 40.00 0.00 40.00 20.01 43.87
524+00 0.17 58.91 50.00 0.00 50.00 10.44 81.39
524+50 18.27 49.69 50.00 0.00 50.00 17.07 100.56
525+00 3.02 40.96 50.00 0.00 50.00 19.71 83.94
525+50 22.29 39.78 50.00 0.00 50.00 23.44 74.76
526+00 9.77 40.96 50.00 0.00 50.00 29.69 74.76
526+50 15.39 43.71 50.00 0.00 50.00 23.30 77.31
527+00 13.23 77.42 50.00 0.00 50.00 26.50 112.16
527+50 13.95 57.13 50.00 0.00 50.00 25.17 124.58
527+60 17.54 55.57 10.00 0.00 10.00 5.83 20.87
528+00 31.88 49.32 50 0 50
528+50 0.00 0 50 0 50
529+00 0.00 0 50 0 50 0 0
529+50 0.00 0 50 0 50 0 0
529+70 0.00 0 20 0 20 0 0

Total Station 522+29 to 527+60 West Bank Volume 239 852

 Table B-3 - Final Station 522+29 to Station 527+60 Design Volume Calculations for the West Bank 
- Within Limit of Work
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Station
Cut. 

Area, ft2
Fill Area, 

ft2 Length ft
Adjustment 
for Curve

Total 
Length (ft)

Cut Volume, 
cy

Fill Volume, 
cy

527+50 13.96 57.14
527+60 17.54 55.57 10 0 10
528+00 31.88 49.27 40 0 40 37 78
528+50 60.69 56.67 50 0 50 86 98
529+00 60.75 79.16 50 0 50 112 126
529+50 68.00 75.34 50 0 50 119 143
530+00 74.56 90.01 50 0 50 132 153
530+50 74.42 79.42 50 0 50 138 157
531+00 56.44 64.92 50 0 50 121 134
531+50 63.47 58.00 50 0 50 111 114
532+00 182.13 182.13 50 0 50 227 222
532+50 418.13 184.62 50 0 50 556 340
533+00 350.15 179.22 50 0 50 711 337
533+50 185.32 129.72 50 0 50 496 286
534+00 114.22 94.13 50 0 50 277 207
534+50 14.26 14.26 50 0 50 119 100
534+60 14.26 14.26 10 0 10 5 5
534+90 26.39 26.39 30 0 30
535+00 26.39 26.39 10 0 10 10 10
535+28 26.39 26.39 28 0 28 27 27
535+50 0.00 0.00 22 0 22
536+00 0.00 0.00 50 0 50 0 0
536+50 0.00 0.00 50 0 50 0 0
537+00 0.00 0.00 50 0 50 0 0
537+50 0.00 0.00 50 0 50 0 0
538+00 0.00 0.00 50 0 50 0 0
538+50 0.00 0.00 50 0 50 0 0
539+00 0.00 0.00 50 0 50 0 0
539+50 72.31 72.08 50 0 50 67 67
540+00 81.01 70.19 50 0 50 142 132
540+50 73.50 82.12 50 0 50 143 141
540+75 58.08 58.45 25 0 25 61 65
541+00 111.33 90.92 25 0 25 78 69
541+50 92.91 81.83 50 0 50 189 160
542+00 109.44 109.44 50 0 50 187 177
542+50 96.33 90.96 50 0 50 191 186
542+60 68.90 51.30 10.13 0 10.13 31 27
542+90 68.90 51.30 29.87 0 29.87 76 57
543+00 0.00 0.00 10 0 10 0 0
543+40 31.17 31.17 40 0 40 0 0
543+50 31.17 31.17 10 0 10 12 12

Total Station 527+60 to 543+50 West Bank Volume 4,462 3,628

 Table B-3 - Final Station 527+60 to Dawes Ave. Design Volume Calculations for the West Bank - 
Within Limit of Work
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APPENDIX C 
 

MISCELLANEOUS GEOTECHNICAL CALCULATIONS 

 



 

MK01|O:\20125257.103\PHASE2BOD_FIN\PH2BOD_FIN_BRKRS.DOC  2/16/2005 

BORING LOCATION PLAN AND SUBSURFACE PROFILES 
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APPENDIX C 
 

LIST OF CALCULATIONS 



Appendix C

List of Calculations

Piping Evaluation at 
Diversion Dam

Slope Stability Analysis

Filter Layer Design

Retaining Walls

Calculation Type Originator Verifier Date

Andrew Harpur Rachel McCaffery 5/4/04

Andrew Harpur Rachel McCaffery Various

Rachel McCaffery 
Andrew Harpur Andrew Harpur Various

Andrew Harpur Rachel McCaffery 10/15/02
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FILTER LAYER DESIGN 
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RETAINING WALLS 
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RETAINING WALL 
STATION 514+00 TO 518+00 
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RETAINING WALL 
STATION 519+75 TO ELM STREET BRIDGE 
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DETERMINE H-PILE CAPACITY/PERFORMANCE 
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EVALUATION OF INTERMEDIATE SHEETS 
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REDESIGN OF RETAINING WALL 
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RETAINING WALL 
STATION 523+00 TO 524+24 
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RETAINING WALL REDESIGN 

































































 

MK01|O:\20125257.103\PHASE2BOD_FIN\PH2BOD_FIN_BRKRS.DOC  2/16/2005 

RETAINING WALL 
STATION 525+75 TO 527+50 
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PIPING EVALUATION AT DIVERSION DAM 

1. Flow Under Dam 

2. Flow Around Dam 
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SLOPE STABILITY ANALYSIS 
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TRANSITION AREA 
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REST OF PHASE 2 
(ELM STREET TO DAWES AVENUE) 
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APPENDIX D 
 

MISCELLANEOUS INFORMATION AND CALCULATIONS FOR RIVER 
DIVERSION SYSTEM 
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APPENDIX D.1 FLOW CALCULATIONS FOR PUMPING SYSTEM 
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From: Shane Cherry [shane.cherry@pentecenv.com] 
Sent: Friday, April 06, 2001 4:47 PM 
To: Abrahamson, David 
Cc: Randy Johnson; 'mtm@hartcrowser.com' 
Subject: DRAFT Confidential FOIA Exempt--Flow exceedance table 
 
Dave, 
 
As we discussed I am sending you the attached tables that present flow 
exceedance data.  Please read all the notes and caveats included within the 
spreadsheet and keep them with the tables if you make copies.  We have prepared 
these tables specifically for use in helping you design the flow bypass for the 
next 1/2 mile design reach.  If you wish to use these tables for any other use 
or distribute them to others for other use, please consult with me first. 
 
I am also faxing to you the flow data in graphical form for two water years. 
 
Please contact me if you have any questions or need additional data. 
 
 
 <<Exceedence Table.xls>>  
_______________________________ 
D. Shane Cherry 
Associate/Geomorphologist 
Pentec Environmental 
A  division of Hart Crowser, Inc. 
(425) 775-4682; fax (425) 778-9417 
shane@pentecenv.com 
http://www.pentecenv.com 
 
 



Threshold Total Hours that Flow Exceeds Threshold Value within a Water Year1 Average Exceedence
Flow Rate Time (1988-1994)5

(Coltsville)
cfs cfs 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 hours days
61 50 5718 4657 5994 5779 5009 4090 4517 5109.1 212.9
122 100 1912 2709 3829 3051 2260 2412 2535 2672.6 111.4
183 150 1141 1671 1996 1518 973 1571 1535 1486.4 61.9
244 200 800 1087 1216 882 646 1229 1092 993.1 41.4
305 250 622 745 895 589 411 1006 757 717.9 29.9
366 300 445 471 668 383 292 801 529 512.7 21.4
427 350 245 312 525 238 219 692 450 383.0 16.0
488 400 121 274 451 178 164 588 386 308.9 12.9

Total Year Hours2 8784 8760 8760 8760 8784 8760 8760 8760 8784 8760 8760
Total Data Hours3 8599 8407 8436 8549 8546 8599 8448 4929 5124 5110 5110
Data %4 98% 96% 96% 98% 97% 98% 96% 56% 58% 58% 58%

Threshold Percent of Time that Flow Exceeds Threshold Value within a Water Year1 Average Exceedence
Flow Rate Percent (1988-1994)5

cfs 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
61 50 65% 53% 68% 66% 57% 47% 52% 58%
122 100 22% 31% 44% 35% 26% 28% 29% 30%
183 150 13% 19% 23% 17% 11% 18% 18% 17%
244 200 9% 12% 14% 10% 7% 14% 12% 11%
305 250 7% 9% 10% 7% 5% 11% 9% 8%
366 300 5% 5% 8% 4% 3% 9% 6% 6%
427 350 3% 4% 6% 3% 2% 8% 5% 4%
488 400 1% 3% 5% 2% 2% 7% 4% 4%

Threshold Total Events in which Flow Exceeds Threshold Value within a Water Year1 Average Average
Flow Rate Event/yr6 Ret. Period

cfs 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 days
61 50 45 42 54 53 51 45 46 35 63 68 46 48.0 8
122 100 26 32 42 38 31 26 30 22 55 57 34 32.1 11
183 150 18 25 36 28 19 21 24 15 46 43 27 24.4 15
244 200 15 21 23 21 15 18 18 12 39 33 21 18.7 20
305 250 13 18 18 16 9 15 18 8 34 26 13 15.3 24
366 300 12 17 17 16 8 14 13 7 30 19 11 13.9 26
427 350 10 12 13 12 7 12 9 6 26 16 10 10.7 34
488 400 6 11 12 8 7 11 8 4 25 11 9 9.0 41

Flow Rate 
(near Elm 
St. Bridge)

Flow Rate 
(near Elm 
St. Bridge)

Flow Rate 
(near Elm 
St. Bridge)

Table D-1

Exceedances of Threshold Values Within a Water Year

Notes:
1. Water year is from October 1 to September 30 (e.g. Water year 1988: 10/1/87 to 9/30/88)
2. Total year represents the total hours in that year
3. Total data represents the total hours for which flow data was collected for a given year
4. Data % represents the percent of total hours for which flow data was collected (Total data/Total year)
5. Data from water years 1995 to 1998 were not used to assess time of exceedence because of the limited number of points in the data set. For these water years, 
data was only collected for hours 1 to 14 of each day.
6. Data from all water years were used to assess frequency of events. 
7. Non Bold/Italicized values suggest that their use is inappropriate.  Estimating pumping requirements for 50 to 150 cfs flow rates should be based on the estimated 
percent of exceedence time.  Rates for 200 to 400 cfs flows should be based on the approximated return interval.

Discussion of Flow Probability Results:

Use of the above tables should consider the following:
1. Hydrograph data suggests that over the range of flows evaluated, frequency should be evaluated using two different methods.  Lower flow rates appeared to be 
better represented by exceedence time, and higher flow rates were better represented by exceedence events.  The estimated threshold was at approximately 150 to 
200 cfs
        a. Low flows (<150 cfs) were represented by exceedence time because it was not possible to identify all separate events.  Data showed that these flows were 
sometimes sustained for over a month.  A flow rate of approximately 50 cfs appeared to represent the winter/spring base flow.  Duration of 50 cfs flows ranged from 4
to 8 months.  Summer base flow appeared to be on the order of 25 cfs.
        b. Estimating recurrence intervals was based on exceedence events because higher flow rates (>200 cfs) generally occurred as discrete storms events.
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From: Randy Johnson [randy.johnson@pentecenv.com] 
Sent: Friday, May 04, 2001 2:41 PM 
To: Abrahamson, David 
Cc: shane cherry; Shane Cherry; Mark Mahoney (E-mail) 
Subject: RE: Return Period Assessment - DRAFT CONFIDENTIAL, FOIA EXEMPT 
 
David, 
Here is the first installment.  Let me know if you have questions. 
 
The spreadsheet is attached and the following describes the results.  The 
following description of the estimate of return interval excluding peak spring 
runoff should be considered a draft. 
 
Weston is evaluating the feasibility of reducing flood risk associated with dam 
installation by stopping work during the period when storm events are most 
frequent.  A hydrologic analysis of the Coltsville hourly flow data was 
performed to assess the percent exceedence and return interval of storms during 
the nominal 10 month period excluding peak spring runoff.  A peak 9 week runoff 
period was determined and return frequency was estimated excluding that period. 
 
To determine the peak runoff period, hydrographs from the hourly Colstville gage 
data were reviewed.  David Abrahamson requested that the peak flow period be no 
more than 2 months 6a week.  Review of the hydrographs showed a bimodal pattern.  
In most water years, sustained peak flows greater than 100 cfs occurred in 
November and December and then between late February to mid June.  The peak 
period was narrowed to March 10 through May 12 based on the fact that slightly 
higher flows (200 cfs) occurred more frequently during this period.   
 
Hours of exceedence during the 10-month off-peak period were estimated by 
subtracting the hours of exceedence during the peak runoff period from the 
total for the year.   Average percent exceedence was calculated by dividing 
this value by total hours in the 10-month period.  Exceedence events were also 
calculated by subtracting events during the peak period from the total number of 
events.  Return interval represents frequency of occurrence during the off-peak 
period. 
 
The choice of March through May as the peak runoff period seems to be supported 
by the return frequency analysis for higher flows.  Flows greater than 200 cfs 
occur about half as often during off-peak months.  On the other hand, exeedence 
period for lower flows did not decrease quite as much. Percent of exceedence was 
11% and 51% (150 and 50 cfs, respectively) for the 10-month period compared to 
17% and 58% (150 and 50 cfs, respectively) for the year.  The decrease was less 
pronounced for smaller flows because they are more likely to occur during the 
off-peak period. 
 
If further risk reduction is necessary the secondary high flow period (November 
and December) should be considered.  Though winter flow rates are generally less 
than in the spring, the exclusion of 4 to 6 weeks during this period would 
likely provide further risk reduction. 
 
Please read carefully the caveats that accompany this data: 
 
1.  The attached table contains provisional data and results.  While we are 
providing you with our most up-to-date results, our work is still "in progress" 
and has not yet been completely reviewed and finalized according to our project 
quality control/quality assurance plan. 
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2.  The data contained within the attached spreadsheet are provided to you at 
your request for use in developing dam configuraton alternatives for phase 2.  
If you wish to use this data for any other purpose, please contact me at (425) 
775-4682 to discuss whether it is appropriate for other uses. 
 
3.  Please consult with me prior to distributing this work to anyone else. If 
you distribute the data to anyone else, please include all of these caveats as 
part of the distribution. 
 
4.  If your use of this data continues after June 1, 2001, please contact me to 
find out if our analysis has been updated so I can give you the most recent 
results. 
 
If you have any questions about the data or the results of our analysis, please 
contact me or Shane Cherry at (425) 775-4682.  Thank you. 
 
 <<Exceedence Tablev2.xls>>  
_________________________________ 
Randy Johnson, Environmental Engineer 
Pentec Environmental 
A Division of Hart Crowser, Inc. 
(425) 775-4682; fax (425) 778-9417 
randy@pentecenv.com 
http://www.pentecenv.com/ 
 



1988 1989 1990 1991 1992 1993

Period of Sustained Flow> 100 cfs
11/2/87-12/5/87& 

3/9/88-5/31/88
11/2/88-12/4/88 & 
3/26/89-6/29/89

10/17/89-11/23/89 
& 3/10/90-6/6/90 3/17/91-4/11/91

11/22/91-12/25/91 & 
3/27/92 to 5/10/92

11/21/92-1/19/93 & 
3/26/93-5/8/93

Period of Sustained Flow> 200 cfs 3/25/88-4/7/88 4/30/88-5/18/88
3/12/89-4/22/89 & 
5/10/89-5/24/89 indiv storms 4/18/92 to4/28/92 3/28/93-5/1/93

3/20-5/30 3/30-6/10 3/10-5/20 3/01-5/10 (low) 3/10-5/10 3/30-5/10

1994 1995 1996 1997 1998

Period of Sustained Flow> 100 cfs
11/28/93-12/16/93 & 

3/8/94-5/25/94
12/24/94-1/27/95 & 

3/7/95-3/26/95 
10/21/95-11/25/95 
& 2/21/96-5/27/92

12/1/96-1/9/97 & 
2/19/97-5/19/97 2/12/97-5/18/97

Period of Sustained Flow> 200 cfs 3/10/94-4/23/94
1/14/95-1/23/95 & 

3/8/95-3/23/95 4/12/96-5/20/96 3/26/97-4/22/97 3/27/98-4/11/98

3/10-5/20
3/10-3/30 (wet 

Jan) 2/20-5/20 3/20-5/30 2/10-4/20

Common spring start date 3/10 to 3/20 Seems to lean to early part of March
Common spring end date 5/10 to 5/20 Can stretch as far as June.  Seems worth adding an extra week

Threshold Total Events in which Flow Exceeds Threshold Value within the 2 month high flow period (3/10 to 5/20)
Flow Rate (Coltsville Gage)

cfs 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Average
50 14 9 16 17 11 12 16 12 24 26 15 15.6
100 8 8 16 15 10 10 16 8 24 24 14 13.9
150 7 7 15 10 8 9 16 6 23 20 11 12.0
200 5 7 12 7 6 9 12 5 20 18 10 10.1
250 4 7 9 3 6 9 12 3 18 12 7 8.2
300 4 6 9 3 5 9 9 2 14 11 5 7.0
350 4 5 9 1 4 9 6 1 11 9 4 5.7
400 1 5 9 1 4 8 6 1 10 5 3 4.8

Table D-2

Estimation of Nominal 2-month Period of Highest Sustained Flow

Approximate Intervals by Water Year
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Total Hours that Flow Exceeds Threshold Value within a 10 Month Period1 Average Exceedence
Time/10 mo. period5

cfs cfs 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 hours days
61 50 4277 3534 4551 4319 3537 2804 3062 3726.3 155.3
122 100 1178 1860 2561 2094 1393 1432 1089 1658.1 69.1
183 150 655 1043 1144 1127 494 758 405 803.7 33.5
244 200 458 685 703 702 263 459 213 497.6 20.7
305 250 344 460 523 499 144 286 123 339.9 14.2
366 300 203 273 340 335 130 158 103 220.3 9.2
427 350 121 177 233 214 109 117 74 149.3 6.2
488 400 71 147 194 156 78 98 44 112.6 4.7

Total Year Hours2 8784 8760 8760 8760 8784 8760 8760
Total Data Period3 7272 7248 7248 7248 7272 7248 7248
10-mo Data %4 83% 83% 83% 83% 83% 83% 83%

Threshold Percent of Time that Flow Exceeds Threshold Value within a 10 Month Period1 Average Exceedence
Flow Rate Percent (10 mo period)5

cfs 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
61 50 59% 49% 63% 60% 49% 39% 42% 51%
122 100 16% 26% 35% 29% 19% 20% 15% 23%
183 150 9% 14% 16% 16% 7% 10% 6% 11%
244 200 5% 8% 8% 8% 3% 5% 2% 6%
305 250 4% 5% 6% 6% 2% 3% 1% 4%
366 300 2% 3% 4% 4% 1% 2% 1% 3%
427 350 1% 2% 3% 2% 1% 1% 1% 2%
488 400 1% 2% 2% 2% 1% 1% 1% 1%

Threshold Total Events in which Flow Exceeds Threshold Value within a 10 Month Period1 Average Average
Flow Rate Events6 Ret. Period

cfs 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 days
61 50 31 33 38 36 40 33 30 23 39 42 31 34.4 11
122 100 18 24 26 23 21 16 14 14 31 33 20 20.3 18
183 150 11 18 21 18 11 12 8 9 23 23 16 14.1 26
244 200 10 14 11 14 9 9 6 7 19 15 11 10.4 35
305 250 9 11 9 13 3 6 6 5 16 14 6 8.1 45
366 300 8 11 8 13 3 5 4 5 16 8 6 7.4 49
427 350 6 7 4 11 3 3 3 5 15 7 6 5.3 69
488 400 5 6 3 7 3 3 2 3 15 6 6 4.1 88

Flow Rate 
(near Elm 
St. Bridge)

Flow Rate 
(near Elm 
St. Bridge)

Table D-3

Exceedances of Threshold Values Within a 10-month Period

Flow Rate 
(near Elm 
St. Bridge)

Threshold Flow 
Rate (at Coltsville 
Gage)

Notes:
1. A 43 week period (~10 months) was chosen that excluded the 9 week period with the highest sustained flow rate (12 March - 10 May)
2. Total year represents the total hours in that year.
3. Data period represents the total hours in the nominal 10 month period.
4. Data % represents the percent of the year represented by the nominal 10 month period (Data period/Total year)
5. Based on data from water years 1988 to 1994.  Data from water years 1995 to 1998 were not used to assess time of exceedence because of the limited number o
points in the data set. For these water years, data was only collected for hours 1 to 14 of each day.
6. Represents average events and return period for the 10 month period.  Data from all water years were used to assess frequency of events. 
7. Non Bolded/Italicized values suggest that their use is inappropriate.  Estimating pumping requirements for 50 to 150 cfs flow rates should be based on the 
estimated percent of exceedence time.  Rates for 200 to 400 cfs flows should be based on the approximated return interval.

Discussion of Flow Probability Results:

Use of the above tables should consider the following:
1. Hydrograph data suggests that over the range of flows evaluated, frequency should be evaluated using two different methods.  Lower flow rates appeared to be 
better represented by exceedence time, and higher flow rates were better represented by exceedence events.  The estimated threshold was at approximately 150 to 
200 cfs
        a. Low flows (<150 cfs) were represented by exceedence time because it was not possible to identify all separate events.  Data showed that these flows were 
sometimes sustained for over a month.  A flow rate of approximately 50 cfs appeared to represent the winter/spring base flow.  Duration of 50 cfs flows ranged from 4
to 8 months.  Summer base flow appeared to be on the order of 25 cfs.
        b. Estimating recurrence intervals was based on exceedence events because higher flow rates (>200 cfs) generally occurred as discrete storms events.
2. The exclusion of the two month high flow period had a greater impact on the exceedence of higher flows.  This is likely due to the fact that on the low end (50 cfs) 
flows already occur for more than half the year.  In addition, many of the water years had a diurnal pattern.  Flows generally increased in November and December as 
well as in March and April.  Higher flows were impacted more because many of the high flow events occured during March and Apr
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Figure D-1
Flow (Near Elm St. Bridge) vs Avg. # Days/10-Month Exceeded
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Design:  2 x 54" gravity flow each approximately 4,000 feet long. 

- 2 gravity pipes @ 75 cfs each = 150 cfs; exceeded 48 of 302 days.  
Can convey river 254 of 302 days.
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Figure D-2
Flow (Near Elm St. Bridge) vs Avg. # Events Per 10-Month Period
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Table D-4

Housatonic River Project
1.5 Mile Removal Action

Phase 2 Final BOD

3 Flow (cfs) Days

2 x 54-inch Solid Wall HDPE DR 21 150 254 48 15.9 17

Notes:

2  March 12 - May 10 flow data excluded to determine overtopping events.
3 Flows indicated are flows at gravity intakes (i.e. @ proposed dam location (approximately sta. 514+00)) based on flows as 
calculated from river stage at the Coltsville gauging station and an applied 1.22 multiplier based on increased drainage area.

Estimated # 
Days

Average 
Exceedance 

Percent

Average # 
Events

1  Piping Scenario Operational Estimates - Based on 302 Days per Year (10 Months) Operation & Full 4,000 + Feet of Downriver 
Piping From Proposed Dam Location at Sta. 514+00

Number of Mains and 
Nominal Diameter Type of Pipe

Maximum Estimated Flow (cfs) 
& Estimated # Days Operation 

Per 10-Month (302 Days) 
Period1

Overtopping Per 10 Month Period2

2 Gravity Mains
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Table D-5

Housatonic River Project
1.5 Mile Removal Action

Phase 2 Final Basis of Design - Pipe Slopes

Manning's n: 0.013

Flow (ft3/s) Full Flow Pipe Half Flow Pipe
75 0.0026 0.0102
80 0.0029 0.0116
85 0.0033 0.0131
90 0.0037 0.0147
95 0.0041 0.0164
100 0.0045 0.0181

Manning's n: 0.009

Flow (ft3/s) Full Flow Pipe Half Flow Pipe
75 0.0012 0.0049
80 0.0014 0.0056
85 0.0016 0.0063
90 0.0018 0.0070
95 0.0020 0.0078
100 0.0022 0.0087

Pipe Constants (HDPE DR 21)
4.05
2.02
12.71
12.86
6.43
12.86

Hydraulic radius (1/4 of diameter for 1/2 or full pipe flow)
R = 1.01

Mannings Equation

Solving for Slope

Slope Required to Carry Flow (ft/ft)

Slope Required to Carry Flow (ft/ft)

Area of Flow Full (ft2) =

Q(flow) = (1.49/n) x A x (R^(2/3)) x (So^(1/2))

So = (Q^2)/(((1.49/n)^2) x (A^2) x (R^(4/3)))

Diameter  (ft) =

Circumfrence (ft) = 
Radius (ft) =

Area (ft2) =
Area of Flow Half Full (ft2) =
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Table D-6

Housatonic River Project
1.5 Mile Removal Action

Phase 2  Final Basis of Design - Pipe Placement

Station
(approx.) Elevation Problem Solution

522+25 970

Rip rap placed along the abutment of
the Elm Street Bridge plus large
material at the base of the outfall
coming off Deming Street.

Move pipe closer to center of the river to avoid the rip rap build
up or move this material to allow for the pipe to pass.  However,
bedrock will most likely be shallow in this area.

525+60 971
Gravel bar plus sewer crossing
(abandoned).

The sewer crossing will have to be removed prior to laying the
pipe in the river.  The gravel bar could be removed, however,
bedrock will be shallow in this area.  Or the pipe could be run 
closer to the center of the river.

526+60 969 Gravel bar

The gravel bar could be removed, however, bedrock will be
shallow in this area.  Or the pipe could be run closer to the
center of the river.

533+30 967.5

Large aggrading area of gravel and
fines from being on the inside of a 
curve.

The gravel bar could be removed, however, bedrock will be
shallow in this area.  Or, the pipe could be run closer to the
center of the river (this might be difficult in this area of the
river due a slight narrowing of the channel).

545+60 963.8
Depositional area due to debris and
location on the inside of a slight curve.

The bar is mainly made up of finer material that could be 
removed.  Or, the pipe could be run closer to the center of the 
river.

550+75 966 Depositional area due to debris.

The bar is mainly made up of finer material that could be 
removed.  Or, the pipe could be run closer to the center of the 
river.

552+50 964 Depositional area due to debris.

The bar is mainly made up of finer material that could be easily
removed.  Or, the pipe could be run closer to the center of the 
river.

West Side
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Table D-6

Housatonic River Project
1.5 Mile Removal Action

Phase 2  Final Basis of Design - Pipe Placement

Station
(approx.) Elevation Problem Solution

520+00 to
Elm

968  to
971

Depositional area due to debris and
location on the inside of a slight curve.

The bar is mainly made up of finer material that could be 
removed, however, bedrock will be shallow in this area.  Or, the 
pipe could be run closer to the center of the river.

Under the 
Elm St.
Bridge

970.5
Rip rap placed along the abutment of
the Elm Street Bridge.

This material could be removed, however, bedrock will be shallow 
in this area.  Or, the pipe could be run closer to the
center of the river (this might be difficult in this area of the
river due a slight narrowing of the channel).

Elm to
526+00

968 to
970.5

Gravel bar plus sewer crossing
(abandoned).

The sewer crossing will have to be removed prior to laying the
pipe in the river.  The gravel bar could be removed, however,
bedrock will be shallow in this area.  Or the pipe could be run 
closer to the center of the river.

539+40 965 Gravel bar

The gravel bar may be removed, however,bedrock will be
shallow in this area.  Or the pipe could be run closer to the
center of the river.

545+00 964 Depositional area due to debris.

The bar is mainly made up of finer material that could be 
removed.  Or, the pipe could be run closer to the center of the 
river.

549+25 963
Large aggrading area fines from being 
on the inside of a curve.

The bar is mainly made up of finer material that could be 
removed.  Or, the pipe could be run closer to the center of the 
river.

551+60 962.5 Depositional area due to debris.

The bar is mainly made up of finer material that could be 
removed.  Or, the pipe could be run closer to the center of the 
river.

East Side
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DIVERSION DAM DESIGN 
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DIVERSION DAM SHEETPILE DESIGN 
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APPENDIX E 
 

HYDRAULICS ANALYSIS BACKUP 



Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

500+00 51948 Avg Annual 134 971.69 1.82 971.59 1.97 -0.1 0.15
500+00 51948 1-yr 1670 977.18 3.97 977.07 4.05 -0.11 0.08
500+00 51948 1.5-yr 1761 977.38 4.05 977.28 4.12 -0.1 0.07
500+00 51948 2-yr 2047 977.97 4.29 977.91 4.33 -0.06 0.04
500+00 51948 5-yr 3336 980.31 5.07 980.37 5.03 0.06 -0.04
500+00 51948 10-yr 4375 981.91 5.53 982.05 5.45 0.14 -0.08
500+00 51948 50-yr 7239 986.19 3.56 986.21 3.69 0.02 0.13
500+00 51948 100-yr 8721 988.04 2.37 988.02 2.54 -0.02 0.17
500+50 51900 Avg Annual 134 971.71 0.89 971.62 0.75 -0.09 -0.14
500+50 51900 1-yr 1670 977.22 3.19 977.14 2.9 -0.08 -0.29
500+50 51900 1.5-yr 1761 977.42 3.27 977.35 2.98 -0.07 -0.29
500+50 51900 2-yr 2047 978.01 3.51 977.98 3.2 -0.03 -0.31
500+50 51900 5-yr 3336 980.35 4.39 980.45 4 0.1 -0.39
500+50 51900 10-yr 4375 981.95 4.93 982.13 4.5 0.18 -0.43
500+50 51900 50-yr 7239 985.86 5.43 985.95 5.09 0.09 -0.34
500+50 51900 100-yr 8721 987.71 5.2 987.72 4.98 0.01 -0.22
501+00 51850 Avg Annual 134 971.7 0.81 971.61 0.93 -0.09 0.12
501+00 51850 1-yr 1670 977.22 3 977.07 3.36 -0.15 0.36
501+00 51850 1.5-yr 1761 977.41 3.08 977.28 3.44 -0.13 0.36
501+00 51850 2-yr 2047 978.01 3.31 977.9 3.68 -0.11 0.37
501+00 51850 5-yr 3336 980.35 4.14 980.35 4.55 0 0.41
501+00 51850 10-yr 4375 981.97 4.65 982.02 5.09 0.05 0.44
501+00 51850 50-yr 7239 985.88 5.09 985.87 5.59 -0.01 0.5
501+00 51850 100-yr 8721 987.72 4.95 987.65 5.45 -0.07 0.5
501+50 51800 Avg Annual 134 971.68 1.25 971.6 1.06 -0.08 -0.19
501+50 51800 1-yr 1670 977.13 3.6 977.03 3.57 -0.1 -0.03
501+50 51800 1.5-yr 1761 977.32 3.68 977.23 3.65 -0.09 -0.03
501+50 51800 2-yr 2047 977.91 3.93 977.86 3.88 -0.05 -0.05
501+50 51800 5-yr 3336 980.23 4.8 980.31 4.7 0.08 -0.1
501+50 51800 10-yr 4375 981.84 5.26 982 5.13 0.16 -0.13
501+50 51800 50-yr 7239 985.86 5.27 985.9 5.26 0.04 -0.01
501+50 51800 100-yr 8721 987.71 5.02 987.68 5.07 -0.03 0.05

Lyman St Bridge

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

502+00 51750 Avg Annual 134 971.65 1.43 971.59 1.05 -0.06 -0.38
502+00 51750 1-yr 1670 977.09 3.67 977.03 3.22 -0.06 -0.45
502+00 51750 1.5-yr 1761 977.29 3.75 977.24 3.29 -0.05 -0.46
502+00 51750 2-yr 2047 977.88 3.98 977.86 3.49 -0.02 -0.49
502+00 51750 5-yr 3336 980.2 4.8 980.33 4.2 0.13 -0.6
502+00 51750 10-yr 4375 981.83 5.14 982.03 4.53 0.2 -0.61
502+00 51750 50-yr 7239 985.89 4.84 985.94 4.61 0.05 -0.23
502+00 51750 100-yr 8721 987.74 4.57 987.71 4.49 -0.03 -0.08
502+50 51700 Avg Annual 134 971.64 1.1 971.57 1.1 -0.07 0
502+50 51700 1-yr 1670 977.1 3.19 977 3.3 -0.1 0.11
502+50 51700 1.5-yr 1761 977.3 3.27 977.21 3.37 -0.09 0.1
502+50 51700 2-yr 2047 977.89 3.49 977.83 3.58 -0.06 0.09
502+50 51700 5-yr 3336 980.28 3.77 980.36 3.8 0.08 0.03
502+50 51700 10-yr 4375 981.97 3.59 982.12 3.6 0.15 0.01
502+50 51700 50-yr 7239 986.01 3.11 986.04 3.17 0.03 0.06
502+50 51700 100-yr 8721 987.83 3.02 987.8 3.09 -0.03 0.07
503+00 51650 Avg Annual 134 971.63 0.99 971.56 1.2 -0.07 0.21
503+00 51650 1-yr 1670 977.11 2.63 976.97 3.34 -0.14 0.71
503+00 51650 1.5-yr 1761 977.31 2.69 977.18 3.41 -0.13 0.72
503+00 51650 2-yr 2047 977.91 2.88 977.8 3.62 -0.11 0.74
503+00 51650 5-yr 3336 980.28 3.44 980.28 4.16 0 0.72
503+00 51650 10-yr 4375 981.94 3.59 982.03 4.15 0.09 0.56
503+00 51650 50-yr 7239 985.95 3.56 985.96 3.97 0.01 0.41
503+00 51650 100-yr 8721 987.77 3.57 987.73 3.96 -0.04 0.39
503+50 51600 Avg Annual 134 971.57 1.69 971.51 1.71 -0.06 0.02
503+50 51600 1-yr 1670 977.03 3.25 976.91 3.63 -0.12 0.38
503+50 51600 1.5-yr 1761 977.23 3.3 977.12 3.7 -0.11 0.4
503+50 51600 2-yr 2047 977.83 3.45 977.75 3.87 -0.08 0.42
503+50 51600 5-yr 3336 980.2 3.9 980.24 4.32 0.04 0.42
503+50 51600 10-yr 4375 981.88 3.91 981.99 4.29 0.11 0.38
503+50 51600 50-yr 7239 985.94 3.6 985.95 4 0.01 0.4
503+50 51600 100-yr 8721 987.77 3.52 987.72 3.93 -0.05 0.41
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

504+50 51500 Avg Annual 134 971.5 1.33 971.42 1.84 -0.08 0.51
504+50 51500 1-yr 1670 976.98 3 976.84 3.68 -0.14 0.68
504+50 51500 1.5-yr 1761 977.18 3.05 977.05 3.74 -0.13 0.69
504+50 51500 2-yr 2047 977.78 3.21 977.68 3.92 -0.1 0.71
504+50 51500 5-yr 3336 980.16 3.75 980.13 4.58 -0.03 0.83
504+50 51500 10-yr 4375 981.81 4.02 981.83 4.87 0.02 0.85
504+50 51500 50-yr 7239 985.9 3.72 985.85 4.52 -0.05 0.8
504+50 51500 100-yr 8721 987.74 3.54 987.65 4.3 -0.09 0.76
505+00 51450 Avg Annual 134 971.49 0.98 971.43 0.93 -0.06 -0.05
505+00 51450 1-yr 1670 976.96 2.92 976.85 3.14 -0.11 0.22
505+00 51450 1.5-yr 1761 977.16 2.98 977.06 3.21 -0.1 0.23
505+00 51450 2-yr 2047 977.76 3.16 977.69 3.4 -0.07 0.24
505+00 51450 5-yr 3336 980.14 3.72 980.16 4.03 0.02 0.31
505+00 51450 10-yr 4375 981.79 4.01 981.86 4.36 0.07 0.35
505+00 51450 50-yr 7239 985.83 4.13 985.81 4.59 -0.02 0.46
505+00 51450 100-yr 8721 987.67 4.04 987.6 4.53 -0.07 0.49
505+50 51400 Avg Annual 134 971.46 1.3 971.39 1.65 -0.07 0.35
505+50 51400 1-yr 1670 976.9 3.26 976.78 3.58 -0.12 0.32
505+50 51400 1.5-yr 1761 977.1 3.33 976.99 3.65 -0.11 0.32
505+50 51400 2-yr 2047 977.69 3.52 977.62 3.83 -0.07 0.31
505+50 51400 5-yr 3336 980.06 4.17 980.08 4.43 0.02 0.26
505+50 51400 10-yr 4375 981.7 4.53 981.79 4.71 0.09 0.18
505+50 51400 50-yr 7239 985.76 4.59 985.76 4.87 0 0.28
505+50 51400 100-yr 8721 987.63 4.4 987.57 4.71 -0.06 0.31
506+00 51350 Avg Annual 134 971.44 1.22 971.37 1.37 -0.07 0.15
506+00 51350 1-yr 1670 976.88 3.16 976.69 4 -0.19 0.84
506+00 51350 1.5-yr 1761 977.08 3.22 976.9 4.07 -0.18 0.85
506+00 51350 2-yr 2047 977.68 3.39 977.52 4.28 -0.16 0.89
506+00 51350 5-yr 3336 980.05 3.91 980 4.87 -0.05 0.96
506+00 51350 10-yr 4375 981.71 4.13 981.71 5.14 0 1.01 MAX LYMAN TO ELM
506+00 51350 50-yr 7239 985.78 4.14 985.76 4.94 -0.02 0.8
506+00 51350 100-yr 8721 987.66 3.84 987.58 4.62 -0.08 0.78
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

506+50 51300 Avg Annual 134 971.43 0.99 971.35 1.45 -0.08 0.46
506+50 51300 1-yr 1670 976.88 2.83 976.68 3.68 -0.2 0.85
506+50 51300 1.5-yr 1761 977.08 2.89 976.89 3.74 -0.19 0.85
506+50 51300 2-yr 2047 977.68 3.05 977.52 3.92 -0.16 0.87
506+50 51300 5-yr 3336 980.06 3.57 980.01 4.44 -0.05 0.87
506+50 51300 10-yr 4375 981.72 3.8 981.74 4.64 0.02 0.84
506+50 51300 50-yr 7239 985.8 3.68 985.77 4.49 -0.03 0.81
506+50 51300 100-yr 8721 987.68 3.38 987.59 4.19 -0.09 0.81
507+00 51250 Avg Annual 134 971.41 1.17 971.34 1.06 -0.07 -0.11
507+00 51250 1-yr 1670 976.82 3.13 976.68 3.35 -0.14 0.22
507+00 51250 1.5-yr 1761 977.02 3.2 976.89 3.42 -0.13 0.22
507+00 51250 2-yr 2047 977.62 3.4 977.52 3.64 -0.1 0.24
507+00 51250 5-yr 3336 979.97 4.09 980 4.26 0.03 0.17
507+00 51250 10-yr 4375 981.62 4.4 981.74 4.37 0.12 -0.03
507+00 51250 50-yr 7239 985.73 4.22 985.81 3.75 0.08 -0.47
507+00 51250 100-yr 8721 987.63 3.86 987.62 3.45 -0.01 -0.41
507+50 51200 Avg Annual 134 971.4 1 971.34 0.67 -0.06 -0.33
507+50 51200 1-yr 1670 976.81 2.96 976.74 2 -0.07 -0.96
507+50 51200 1.5-yr 1761 977.01 3.02 976.96 2.05 -0.05 -0.97
507+50 51200 2-yr 2047 977.61 3.2 977.59 2.19 -0.02 -1.01
507+50 51200 5-yr 3336 979.98 3.76 980.1 2.67 0.12 -1.09
507+50 51200 10-yr 4375 981.62 4.11 981.82 2.93 0.2 -1.18
507+50 51200 50-yr 7239 985.72 4.09 985.83 3.05 0.11 -1.04
507+50 51200 100-yr 8721 987.62 3.78 987.63 2.93 0.01 -0.85
508+00 51150 Avg Annual 134 971.4 0.87 971.33 0.85 -0.07 -0.02
508+00 51150 1-yr 1670 976.8 2.83 976.62 3.2 -0.18 0.37
508+00 51150 1.5-yr 1761 977 2.9 976.83 3.28 -0.17 0.38
508+00 51150 2-yr 2047 977.59 3.09 977.46 3.49 -0.13 0.4
508+00 51150 5-yr 3336 979.95 3.78 979.9 4.24 -0.05 0.46
508+00 51150 10-yr 4375 981.6 4.11 981.6 4.61 0 0.5
508+00 51150 50-yr 7239 985.73 3.93 985.67 4.6 -0.06 0.67
508+00 51150 100-yr 8721 987.63 3.55 987.53 4.24 -0.1 0.69
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

508+50 51100 Avg Annual 134 971.39 0.93 971.32 0.96 -0.07 0.03
508+50 51100 1-yr 1670 976.78 2.83 976.61 3.11 -0.17 0.28
508+50 51100 1.5-yr 1761 976.98 2.89 976.82 3.17 -0.16 0.28
508+50 51100 2-yr 2047 977.58 3.08 977.45 3.36 -0.13 0.28
508+50 51100 5-yr 3336 979.93 3.73 979.9 4.03 -0.03 0.3
508+50 51100 10-yr 4375 981.58 4.06 981.61 4.36 0.03 0.3
508+50 51100 50-yr 7239 985.71 3.92 985.67 4.36 -0.04 0.44
508+50 51100 100-yr 8721 987.63 3.43 987.53 4 -0.1 0.57
509+00 51050 Avg Annual 134 971.38 0.73 971.32 0.81 -0.06 0.08
509+00 51050 1-yr 1670 976.77 2.69 976.6 2.95 -0.17 0.26
509+00 51050 1.5-yr 1761 976.97 2.75 976.81 3.02 -0.16 0.27
509+00 51050 2-yr 2047 977.57 2.94 977.44 3.21 -0.13 0.27
509+00 51050 5-yr 3336 979.93 3.59 979.9 3.85 -0.03 0.26
509+00 51050 10-yr 4375 981.59 3.88 981.61 4.13 0.02 0.25
509+00 51050 50-yr 7239 985.71 3.81 985.64 4.43 -0.07 0.62
509+00 51050 100-yr 8721 987.61 3.48 987.49 4.22 -0.12 0.74
509+50 51000 Avg Annual 134 971.37 1.04 971.32 0.83 -0.05 -0.21
509+50 51000 1-yr 1670 976.72 3.08 976.59 2.8 -0.13 -0.28
509+50 51000 1.5-yr 1761 976.91 3.15 976.8 2.87 -0.11 -0.28
509+50 51000 2-yr 2047 977.51 3.35 977.43 3.05 -0.08 -0.3
509+50 51000 5-yr 3336 979.85 4.03 979.9 3.65 0.05 -0.38
509+50 51000 10-yr 4375 981.52 4.22 981.62 3.87 0.1 -0.35
509+50 51000 50-yr 7239 985.66 4.19 985.66 4.07 0 -0.12
509+50 51000 100-yr 8721 987.59 3.69 987.5 3.85 -0.09 0.16
510+00 50950 Avg Annual 134 971.35 1.1 971.3 1.1 -0.05 0
510+00 50950 1-yr 1670 976.67 3.29 976.52 3.29 -0.15 0
510+00 50950 1.5-yr 1761 976.86 3.36 976.73 3.36 -0.13 0
510+00 50950 2-yr 2047 977.45 3.55 977.35 3.56 -0.1 0.01
510+00 50950 5-yr 3336 979.8 4.22 979.81 4.2 0.01 -0.02
510+00 50950 10-yr 4375 981.48 4.4 981.53 4.45 0.05 0.05
510+00 50950 50-yr 7239 985.64 4.26 985.59 4.55 -0.05 0.29
510+00 50950 100-yr 8721 987.56 3.93 987.45 4.32 -0.11 0.39
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

510+50 50900 Avg Annual 134 971.32 1.32 971.29 1.05 -0.03 -0.27
510+50 50900 1-yr 1670 976.58 3.74 976.5 3.24 -0.08 -0.5
510+50 50900 1.5-yr 1761 976.77 3.81 976.71 3.31 -0.06 -0.5
510+50 50900 2-yr 2047 977.35 4.04 977.34 3.51 -0.01 -0.53
510+50 50900 5-yr 3336 979.67 4.86 979.79 4.16 0.12 -0.7
510+50 50900 10-yr 4375 981.35 5.03 981.51 4.39 0.16 -0.64
510+50 50900 50-yr 7239 985.52 5 985.58 4.54 0.06 -0.46
510+50 50900 100-yr 8721 987.46 4.71 987.43 4.41 -0.03 -0.3
511+00 50850 Avg Annual 134 971.31 1.01 971.28 0.92 -0.03 -0.09
511+00 50850 1-yr 1670 976.56 3.26 976.46 3.43 -0.1 0.17
511+00 50850 1.5-yr 1761 976.76 3.33 976.67 3.5 -0.09 0.17
511+00 50850 2-yr 2047 977.35 3.53 977.29 3.72 -0.06 0.19
511+00 50850 5-yr 3336 979.71 4.03 979.77 4.21 0.06 0.18
511+00 50850 10-yr 4375 981.4 4.15 981.51 4.38 0.11 0.23
511+00 50850 50-yr 7239 985.58 4.05 985.57 4.63 -0.01 0.58
511+00 50850 100-yr 8721 987.5 3.83 987.41 4.56 -0.09 0.73
511+50 50800 Avg Annual 134 971.3 1.03 971.27 1.14 -0.03 0.11
511+50 50800 1-yr 1670 976.53 3.17 976.43 3.47 -0.1 0.3
511+50 50800 1.5-yr 1761 976.72 3.24 976.64 3.54 -0.08 0.3
511+50 50800 2-yr 2047 977.31 3.45 977.26 3.75 -0.05 0.3
511+50 50800 5-yr 3336 979.63 4.19 979.69 4.49 0.06 0.3
511+50 50800 10-yr 4375 981.3 4.51 981.41 4.77 0.11 0.26
511+50 50800 50-yr 7239 985.47 4.59 985.49 4.94 0.02 0.35
511+50 50800 100-yr 8721 987.41 4.36 987.35 4.8 -0.06 0.44
512+00 50750 Avg Annual 134 971.28 1.05 971.26 1.02 -0.02 -0.03
512+00 50750 1-yr 1670 976.48 3.25 976.4 3.51 -0.08 0.26
512+00 50750 1.5-yr 1761 976.68 3.33 976.6 3.59 -0.08 0.26
512+00 50750 2-yr 2047 977.26 3.55 977.22 3.82 -0.04 0.27
512+00 50750 5-yr 3336 979.57 4.35 979.64 4.65 0.07 0.3
512+00 50750 10-yr 4375 981.21 4.8 981.32 5.08 0.11 0.28
512+00 50750 50-yr 7239 985.44 4.69 985.43 5.21 -0.01 0.52
512+00 50750 100-yr 8721 987.4 4.35 987.32 4.97 -0.08 0.62
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

512+50 50700 Avg Annual 134 971.27 0.89 971.24 1.36 -0.03 0.47
512+50 50700 1-yr 1670 976.45 3.23 976.33 3.79 -0.12 0.56
512+50 50700 1.5-yr 1761 976.65 3.3 976.54 3.86 -0.11 0.56
512+50 50700 2-yr 2047 977.23 3.53 977.16 4.05 -0.07 0.52
512+50 50700 5-yr 3336 979.54 4.28 979.6 4.74 0.06 0.46
512+50 50700 10-yr 4375 981.19 4.73 981.3 5.1 0.11 0.37
512+50 50700 50-yr 7239 985.34 5.05 985.36 5.49 0.02 0.44
512+50 50700 100-yr 8721 987.29 4.93 987.22 5.43 -0.07 0.5
513+00 50650 Avg Annual 134 971.27 0.76 971.24 0.79 -0.03 0.03
513+00 50650 1-yr 1670 976.42 3.19 976.34 3.3 -0.08 0.11
513+00 50650 1.5-yr 1761 976.62 3.27 976.55 3.38 -0.07 0.11
513+00 50650 2-yr 2047 977.2 3.5 977.17 3.61 -0.03 0.11
513+00 50650 5-yr 3336 979.52 4.27 979.61 4.4 0.09 0.13
513+00 50650 10-yr 4375 981.15 4.77 981.29 4.85 0.14 0.08
513+00 50650 50-yr 7239 985.32 5.15 985.35 5.33 0.03 0.18
513+00 50650 100-yr 8721 987.28 4.91 987.22 5.24 -0.06 0.33
513+50 50600 Avg Annual 134 971.25 0.88 971.23 1.06 -0.02 0.18
513+50 50600 1-yr 1670 976.39 3.07 976.32 3.28 -0.07 0.21
513+50 50600 1.5-yr 1761 976.59 3.13 976.53 3.34 -0.06 0.21
513+50 50600 2-yr 2047 977.17 3.33 977.15 3.52 -0.02 0.19
513+50 50600 5-yr 3336 979.49 4.02 979.61 4.15 0.12 0.13
513+50 50600 10-yr 4375 981.13 4.46 981.3 4.52 0.17 0.06
513+50 50600 50-yr 7239 985.34 4.53 985.39 4.71 0.05 0.18
513+50 50600 100-yr 8721 987.3 4.29 987.26 4.6 -0.04 0.31
514+00 50550 Avg Annual 134 971.24 0.92 971.23 0.65 -0.01 -0.27
514+00 50550 1-yr 1670 976.32 3.45 976.33 2.74 0.01 -0.71
514+00 50550 1.5-yr 1761 976.51 3.53 976.54 2.81 0.03 -0.72
514+00 50550 2-yr 2047 977.09 3.77 977.17 3 0.08 -0.77
514+00 50550 5-yr 3336 979.39 4.53 979.62 3.7 0.23 -0.83
514+00 50550 10-yr 4375 981.08 4.8 981.33 4.01 0.25 -0.79
514+00 50550 50-yr 7239 985.42 3.66 985.51 3.27 0.09 -0.39
514+00 50550 100-yr 8721 987.4 2.79 987.39 2.65 -0.01 -0.14
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

514+50 50500 Avg Annual 134 971.24 0.89 971.22 0.93 -0.02 0.04
514+50 50500 1-yr 1670 976.29 3.37 976.22 3.55 -0.07 0.18
514+50 50500 1.5-yr 1761 976.48 3.45 976.42 3.62 -0.06 0.17
514+50 50500 2-yr 2047 977.06 3.69 977.04 3.83 -0.02 0.14
514+50 50500 5-yr 3336 979.36 4.47 979.47 4.5 0.11 0.03
514+50 50500 10-yr 4375 981.03 4.8 981.19 4.68 0.16 -0.12
514+50 50500 50-yr 7239 985.39 3.74 985.49 3.26 0.1 -0.48
514+50 50500 100-yr 8721 987.39 2.85 987.38 2.52 -0.01 -0.33
515+00 50450 Avg Annual 134 971.22 1.12 971.21 0.86 -0.01 -0.26
515+00 50450 1-yr 1670 976.22 3.61 976.16 3.62 -0.06 0.01
515+00 50450 1.5-yr 1761 976.41 3.69 976.37 3.69 -0.04 0
515+00 50450 2-yr 2047 976.98 3.93 976.98 3.92 0 -0.01
515+00 50450 5-yr 3336 979.27 4.73 979.39 4.74 0.12 0.01
515+00 50450 10-yr 4375 980.94 5.09 981.08 5.13 0.14 0.04
515+00 50450 50-yr 7239 985.24 4.68 985.31 4.71 0.07 0.03
515+00 50450 100-yr 8721 987.31 3.66 987.29 3.72 -0.02 0.06
515+50 50400 Avg Annual 134 971.21 0.82 971.21 0.65 0 -0.17
515+50 50400 1-yr 1670 976.2 3.31 976.17 3.05 -0.03 -0.26
515+50 50400 1.5-yr 1761 976.39 3.4 976.38 3.12 -0.01 -0.28
515+50 50400 2-yr 2047 976.97 3.65 976.99 3.33 0.02 -0.32
515+50 50400 5-yr 3336 979.25 4.53 979.42 4.03 0.17 -0.5
515+50 50400 10-yr 4375 980.9 5.03 981.11 4.41 0.21 -0.62
515+50 50400 50-yr 7239 985.06 5.45 985.28 4.43 0.22 -1.02
515+50 50400 100-yr 8721 987.12 4.93 987.2 4.08 0.08 -0.85
516+00 50350 Avg Annual 134 971.2 0.95 971.21 0.64 0.01 -0.31
516+00 50350 1-yr 1670 976.15 3.44 976.14 3.08 -0.01 -0.36
516+00 50350 1.5-yr 1761 976.35 3.51 976.35 3.15 0 -0.36
516+00 50350 2-yr 2047 976.92 3.74 976.96 3.37 0.04 -0.37
516+00 50350 5-yr 3336 979.21 4.54 979.37 4.08 0.16 -0.46
516+00 50350 10-yr 4375 980.86 5.02 981.06 4.48 0.2 -0.54
516+00 50350 50-yr 7239 985.03 5.41 985.18 4.83 0.15 -0.58
516+00 50350 100-yr 8721 987.12 4.76 987.15 4.31 0.03 -0.45
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

516+50 50300 Avg Annual 134 971.2 0.88 971.21 0.68 0.01 -0.2
516+50 50300 1-yr 1670 976.07 3.8 976.07 3.43 0 -0.37
516+50 50300 1.5-yr 1761 976.26 3.89 976.27 3.52 0.01 -0.37
516+50 50300 2-yr 2047 976.82 4.17 976.88 3.76 0.06 -0.41
516+50 50300 5-yr 3336 979.07 5.15 979.26 4.56 0.19 -0.59
516+50 50300 10-yr 4375 980.69 5.71 980.93 5 0.24 -0.71
516+50 50300 50-yr 7239 984.73 6.65 984.98 5.67 0.25 -0.98
516+50 50300 100-yr 8721 986.79 6.38 986.94 5.42 0.15 -0.96
517+00 50250 Avg Annual 134 971.19 0.85 971.21 0.66 0.02 -0.19
517+00 50250 1-yr 1670 976 4 976.03 3.53 0.03 -0.47
517+00 50250 1.5-yr 1761 976.18 4.1 976.22 3.62 0.04 -0.48
517+00 50250 2-yr 2047 976.73 4.42 976.82 3.89 0.09 -0.53
517+00 50250 5-yr 3336 978.95 5.53 979.18 4.76 0.23 -0.77
517+00 50250 10-yr 4375 980.55 6.17 980.84 5.27 0.29 -0.9
517+00 50250 50-yr 7239 984.67 6.89 984.86 6.11 0.19 -0.78
517+00 50250 100-yr 8721 986.82 6.16 986.86 5.76 0.04 -0.4
517+50 50200 Avg Annual 134 971.18 0.86 971.2 0.72 0.02 -0.14
517+50 50200 1-yr 1670 975.98 3.7 975.96 3.75 -0.02 0.05
517+50 50200 1.5-yr 1761 976.16 3.8 976.16 3.84 0 0.04
517+50 50200 2-yr 2047 976.72 4.08 976.74 4.12 0.02 0.04
517+50 50200 5-yr 3336 978.95 5.06 979.09 5.01 0.14 -0.05
517+50 50200 10-yr 4375 980.56 5.63 980.75 5.48 0.19 -0.15
517+50 50200 50-yr 7239 984.65 6.56 984.78 6.17 0.13 -0.39
517+50 50200 100-yr 8721 986.59 6.71 986.72 6.07 0.13 -0.64
518+00 50150 Avg Annual 134 971.18 0.85 971.2 0.62 0.02 -0.23
518+00 50150 1-yr 1670 975.95 3.55 975.96 3.31 0.01 -0.24
518+00 50150 1.5-yr 1761 976.13 3.64 976.15 3.4 0.02 -0.24
518+00 50150 2-yr 2047 976.69 3.91 976.74 3.66 0.05 -0.25
518+00 50150 5-yr 3336 978.93 4.84 979.09 4.55 0.16 -0.29
518+00 50150 10-yr 4375 980.55 5.38 980.75 5.08 0.2 -0.3
518+00 50150 50-yr 7239 984.62 6.39 984.76 6.07 0.14 -0.32
518+00 50150 100-yr 8721 986.59 6.45 986.68 6.18 0.09 -0.27
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

518+50 50100 Avg Annual 134 971.17 0.78 971.2 0.58 0.03 -0.2
518+50 50100 1-yr 1670 975.94 3.16 975.95 2.98 0.01 -0.18
518+50 50100 1.5-yr 1761 976.13 3.23 976.15 3.06 0.02 -0.17
518+50 50100 2-yr 2047 976.69 3.45 976.74 3.28 0.05 -0.17
518+50 50100 5-yr 3336 978.95 4.21 979.1 4.07 0.15 -0.14
518+50 50100 10-yr 4375 980.59 4.64 980.77 4.54 0.18 -0.1
518+50 50100 50-yr 7239 984.71 5.38 984.81 5.43 0.1 0.05
518+50 50100 100-yr 8721 986.67 5.49 986.71 5.62 0.04 0.13
519+00 50050 Avg Annual 134 971.15 1.13 971.19 0.78 0.04 -0.35
519+00 50050 1-yr 1670 975.79 4.02 975.89 3.31 0.1 -0.71
519+00 50050 1.5-yr 1761 975.97 4.1 976.08 3.38 0.11 -0.72
519+00 50050 2-yr 2047 976.53 4.34 976.67 3.59 0.14 -0.75
519+00 50050 5-yr 3336 978.75 5.16 979.03 4.34 0.28 -0.82
519+00 50050 10-yr 4375 980.38 5.6 980.7 4.79 0.32 -0.81
519+00 50050 50-yr 7239 984.48 6.38 984.73 5.66 0.25 -0.72
519+00 50050 100-yr 8721 986.39 6.68 986.63 5.9 0.24 -0.78
519+50 50000 Avg Annual 134 971.11 1.58 971.18 0.91 0.07 -0.67
519+50 50000 1-yr 1670 975.61 4.7 975.76 3.68 0.15 -1.02
519+50 50000 1.5-yr 1761 975.8 4.78 975.95 3.76 0.15 -1.02
519+50 50000 2-yr 2047 976.34 5.04 976.54 3.98 0.2 -1.06
519+50 50000 5-yr 3336 978.56 5.88 978.89 4.66 0.33 -1.22
519+50 50000 10-yr 4375 980.19 6.3 980.57 5.01 0.38 MAX LYMAN TO ELM -1.29
519+50 50000 50-yr 7239 984.35 6.91 984.65 5.52 0.3 -1.39
519+50 50000 100-yr 8721 986.28 7.13 986.56 5.66 0.28 -1.47
520+00 49950 Avg Annual 134 971.09 1.28 971.16 0.98 0.07 -0.3
520+00 49950 1-yr 1670 975.55 4.51 975.63 4.21 0.08 -0.3
520+00 49950 1.5-yr 1761 975.73 4.61 975.81 4.3 0.08 -0.31
520+00 49950 2-yr 2047 976.27 4.89 976.38 4.57 0.11 -0.32
520+00 49950 5-yr 3336 978.48 5.87 978.68 5.4 0.2 -0.47
520+00 49950 10-yr 4375 980.08 6.42 980.34 5.77 0.26 -0.65
520+00 49950 50-yr 7239 984.16 7.36 984.4 6.43 0.24 -0.93
520+00 49950 100-yr 8721 986.06 7.7 986.28 6.7 0.22 -1
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

520+50 49900 Avg Annual 134 971.08 0.93 971.15 0.95 0.07 0.02
520+50 49900 1-yr 1670 975.55 3.78 975.54 4.27 -0.01 0.49
520+50 49900 1.5-yr 1761 975.74 3.87 975.72 4.37 -0.02 0.5
520+50 49900 2-yr 2047 976.29 4.12 976.29 4.65 0 0.53
520+50 49900 5-yr 3336 978.51 5 978.55 5.54 0.04 0.54
520+50 49900 10-yr 4375 980.14 5.51 980.18 6 0.04 0.49
520+50 49900 50-yr 7239 984.24 6.4 984.25 6.63 0.01 0.23
520+50 49900 100-yr 8721 986.15 6.73 986.15 6.79 0 0.06
521+00 49850 Avg Annual 134 971.06 1.18 971.13 1.1 0.07 -0.08
521+00 49850 1-yr 1670 975.41 4.31 975.41 4.57 0 0.26
521+00 49850 1.5-yr 1761 975.59 4.4 975.59 4.67 0 0.27
521+00 49850 2-yr 2047 976.14 4.65 976.14 4.95 0 0.3
521+00 49850 5-yr 3336 978.35 5.55 978.38 5.83 0.03 0.28
521+00 49850 10-yr 4375 979.96 6.06 980 6.26 0.04 0.2
521+00 49850 50-yr 7239 984.06 6.95 984.07 6.94 0.01 -0.01
521+00 49850 100-yr 8721 985.97 7.28 985.95 7.21 -0.02 -0.07

49763
522+18 49733 Avg Annual 134 970.14 4.68 970.14 4.68 0 0
522+18 49733 1-yr 1670 974.72 6.75 973.09 10.25 -1.63 3.5
522+18 49733 1.5-yr 1761 974.93 6.8 973.22 10.41 -1.71 3.61
522+18 49733 2-yr 2047 975.56 6.96 973.59 10.9 -1.97 3.94 MAX ELM TO DAWES
522+18 49733 5-yr 3336 978.01 7.62 976.07 10.33 -1.94 2.71
522+18 49733 10-yr 4375 979.72 8.06 978.07 9.91 -1.65 1.85
522+18 49733 50-yr 7239 983.49 9.23 982.48 10.06 -1.01 0.83
522+18 49733 100-yr 8721 985 9.9 984.06 10.63 -0.94 0.73
522+33.99 49721 Avg Annual 134 969.73 2.81 969.24 2.75 -0.49 -0.06
522+33.99 49721 1-yr 1670 974.74 6.27 973.34 7.58 -1.4 1.31
522+33.99 49721 1.5-yr 1761 974.94 6.34 973.5 7.72 -1.44 1.38
522+33.99 49721 2-yr 2047 975.57 6.55 973.98 8.15 -1.59 1.6
522+33.99 49721 5-yr 3336 978.02 7.35 976.31 8.99 -1.71 1.64
522+33.99 49721 10-yr 4375 979.72 7.83 978.19 9.2 -1.53 1.37
522+33.99 49721 50-yr 7239 983.52 8.94 982.51 9.81 -1.01 0.87
522+33.99 49721 100-yr 8721 985.06 9.51 984.09 10.38 -0.97 0.87

Elm Street Bridge
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

522+50 49673 Avg Annual 134 969.65 2.75 969.21 2.67 -0.44 -0.08
522+50 49673 1-yr 1670 974.61 6.37 973.45 6.54 -1.16 0.17
522+50 49673 1.5-yr 1761 974.82 6.45 973.62 6.65 -1.2 0.2
522+50 49673 2-yr 2047 975.44 6.71 974.12 6.98 -1.32 0.27
522+50 49673 5-yr 3336 977.86 7.59 976.49 7.74 -1.37 0.15
522+50 49673 10-yr 4375 979.58 8.01 978.36 8.03 -1.22 0.02
522+50 49673 50-yr 7239 983.39 9.06 982.69 8.74 -0.7 -0.32
522+50 49673 100-yr 8721 984.93 9.61 984.28 9.27 -0.65 -0.34
522+79.36 49633 Avg Annual 134 969.56 2.51 969.19 2.39 -0.37 -0.12
522+79.36 49633 1-yr 1670 974.34 6.77 973.24 7.2 -1.1 0.43
522+79.36 49633 1.5-yr 1761 974.54 6.88 973.39 7.35 -1.15 0.47
522+79.36 49633 2-yr 2047 975.14 7.2 973.85 7.82 -1.29 0.62
522+79.36 49633 5-yr 3336 977.49 8.27 976.14 8.8 -1.35 0.53
522+79.36 49633 10-yr 4375 979.18 8.83 978.01 9.05 -1.17 0.22
522+79.36 49633 50-yr 7239 982.85 10.29 982.35 9.62 -0.5 -0.67
522+79.36 49633 100-yr 8721 984.28 11.09 983.92 10.16 -0.36 -0.93
523+10 49588 Avg Annual 134 969.47 2.24 969.15 2.39 -0.32 0.15
523+10 49588 1-yr 1670 973.91 7.31 973.17 7.07 -0.74 -0.24
523+10 49588 1.5-yr 1761 974.1 7.45 973.33 7.2 -0.77 -0.25
523+10 49588 2-yr 2047 974.67 7.83 973.81 7.56 -0.86 -0.27
523+10 49588 5-yr 3336 976.95 8.99 976.17 8.2 -0.78 -0.79
523+10 49588 10-yr 4375 978.66 9.46 978.06 8.35 -0.6 -1.11
523+10 49588 50-yr 7239 982.48 10.54 982.42 8.81 -0.06 -1.73
523+10 49588 100-yr 8721 983.94 11.23 984.01 9.31 0.07 -1.92
523+50 49538 Avg Annual 134 969.37 2.27 969.11 2.41 -0.26 0.14
523+50 49538 1-yr 1670 973.77 6.5 973.09 7.06 -0.68 0.56
523+50 49538 1.5-yr 1761 973.96 6.59 973.25 7.18 -0.71 0.59
523+50 49538 2-yr 2047 974.55 6.87 973.73 7.53 -0.82 0.66
523+50 49538 5-yr 3336 976.9 7.81 976.12 8 -0.78 0.19
523+50 49538 10-yr 4375 978.64 8.28 978.04 8.02 -0.6 -0.26
523+50 49538 50-yr 7239 982.53 9.42 982.43 8.36 -0.1 -1.06
523+50 49538 100-yr 8721 984.03 10.09 984.02 8.81 -0.01 -1.28
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

524+00 49488 Avg Annual 134 968.76 4.87 968.68 4.9 -0.08 0.03
524+00 49488 1-yr 1670 973.54 5.95 972.75 7.91 -0.79 1.96
524+00 49488 1.5-yr 1761 973.75 6.02 972.91 8.01 -0.84 1.99
524+00 49488 2-yr 2047 974.37 6.23 973.41 8.28 -0.96 2.05
524+00 49488 5-yr 3336 976.78 7.06 975.9 8.35 -0.88 1.29
524+00 49488 10-yr 4375 978.55 7.55 977.89 8.15 -0.66 0.6
524+00 49488 50-yr 7239 982.48 8.77 982.34 8.28 -0.14 -0.49
524+00 49488 100-yr 8721 983.98 9.45 983.94 8.68 -0.04 -0.77
524+50 49433 Avg Annual 134 968.63 1.93 968.51 2.08 -0.12 0.15
524+50 49433 1-yr 1670 973.4 5.52 972.87 6.15 -0.53 0.63
524+50 49433 1.5-yr 1761 973.61 5.62 973.03 6.27 -0.58 0.65
524+50 49433 2-yr 2047 974.23 5.92 973.53 6.61 -0.7 0.69
524+50 49433 5-yr 3336 976.63 7.02 975.95 7.19 -0.68 0.17
524+50 49433 10-yr 4375 978.39 7.65 977.9 7.22 -0.49 -0.43
524+50 49433 50-yr 7239 982.27 9.12 982.37 7.35 0.1 -1.77
524+50 49433 100-yr 8721 983.72 9.92 983.98 7.65 0.26 MAX ELM TO DAWES -2.27
525+00 49378 Avg Annual 134 968.62 1.18 968.51 1.31 -0.11 0.13
525+00 49378 1-yr 1670 973.39 4.47 972.86 5.33 -0.53 0.86
525+00 49378 1.5-yr 1761 973.6 4.56 973.02 5.45 -0.58 0.89
525+00 49378 2-yr 2047 974.23 4.82 973.52 5.81 -0.71 0.99
525+00 49378 5-yr 3336 976.68 5.8 975.89 6.6 -0.79 0.8
525+00 49378 10-yr 4375 978.45 6.38 977.8 6.78 -0.65 0.4
525+00 49378 50-yr 7239 982.37 7.75 982.25 7.07 -0.12 -0.68
525+00 49378 100-yr 8721 983.85 8.47 983.85 7.4 0 -1.07
525+50 49333 Avg Annual 134 968.52 2.23 968.41 2.41 -0.11 0.18
525+50 49333 1-yr 1670 973.01 5.76 972.34 7.13 -0.67 1.37
525+50 49333 1.5-yr 1761 973.22 5.81 972.49 7.27 -0.73 1.46
525+50 49333 2-yr 2047 973.86 5.96 972.95 7.65 -0.91 1.69
525+50 49333 5-yr 3336 976.37 6.54 975.34 8.09 -1.03 1.55
525+50 49333 10-yr 4375 978.2 6.83 977.33 7.93 -0.87 1.1
525+50 49333 50-yr 7239 982.25 7.6 981.88 7.86 -0.37 0.26
525+50 49333 100-yr 8721 983.76 8.11 983.47 8.17 -0.29 0.06
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

526+00 49293 Avg Annual 134 968.4 2.07 968.31 2.32 -0.09 0.25
526+00 49293 1-yr 1670 972.84 5.35 972.17 6.86 -0.67 1.51
526+00 49293 1.5-yr 1761 973.06 5.41 972.32 6.98 -0.74 1.57
526+00 49293 2-yr 2047 973.7 5.59 972.78 7.34 -0.92 1.75
526+00 49293 5-yr 3336 976.21 6.23 975.16 7.75 -1.05 1.52
526+00 49293 10-yr 4375 978.06 6.55 977.17 7.61 -0.89 1.06
526+00 49293 50-yr 7239 982.11 7.43 981.74 7.57 -0.37 0.14
526+00 49293 100-yr 8721 983.61 7.97 983.32 7.91 -0.29 -0.06
526+50 49233 Avg Annual 134 967.92 3.94 967.76 4.9 -0.16 0.96
526+50 49233 1-yr 1670 972.5 5.99 971.14 9.43 -1.36 3.44
526+50 49233 1.5-yr 1761 972.73 6.02 971.32 9.45 -1.41 3.43
526+50 49233 2-yr 2047 973.39 6.13 971.86 9.53 -1.53 3.4
526+50 49233 5-yr 3336 975.94 6.63 974.63 8.78 -1.31 2.15
526+50 49233 10-yr 4375 977.83 6.83 976.76 8.28 -1.07 1.45
526+50 49233 50-yr 7239 981.92 7.63 981.47 7.89 -0.45 0.26
526+50 49233 100-yr 8721 983.41 8.19 983.06 8.22 -0.35 0.03
527+00 49188 Avg Annual 134 966.99 3.77 967.05 3.65 0.06 -0.12
527+00 49188 1-yr 1670 972.43 5.05 971.13 7.5 -1.3 2.45
527+00 49188 1.5-yr 1761 972.66 5.11 971.32 7.57 -1.34 2.46
527+00 49188 2-yr 2047 973.33 5.27 971.86 7.79 -1.47 2.52
527+00 49188 5-yr 3336 975.88 5.93 974.58 7.76 -1.3 1.83
527+00 49188 10-yr 4375 977.77 6.25 976.67 7.59 -1.1 1.34
527+00 49188 50-yr 7239 981.89 7.01 981.37 7.56 -0.52 0.55
527+00 49188 100-yr 8721 983.39 7.49 982.94 7.92 -0.45 0.43
527+50 49133 Avg Annual 134 966.5 2.91 966.27 5.1 -0.23 2.19
527+50 49133 1-yr 1670 972.34 4.69 970.81 7.71 -1.53 3.02
527+50 49133 1.5-yr 1761 972.57 4.76 971 7.77 -1.57 3.01
527+50 49133 2-yr 2047 973.23 4.97 971.57 7.95 -1.66 2.98
527+50 49133 5-yr 3336 975.77 5.71 974.35 7.82 -1.42 2.11
527+50 49133 10-yr 4375 977.67 6.06 976.49 7.57 -1.18 1.51
527+50 49133 50-yr 7239 981.76 6.98 981.23 7.43 -0.53 0.45
527+50 49133 100-yr 8721 983.26 7.53 982.8 7.77 -0.46 0.24
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

528+00 49105 Avg Annual 134 966.18 2.86 965.96 3.61 -0.22 0.75
528+00 49105 1-yr 1670 972.13 4.96 970.61 7.39 -1.52 2.43
528+00 49105 1.5-yr 1761 972.36 5.03 970.8 7.48 -1.56 2.45
528+00 49105 2-yr 2047 973.02 5.24 971.37 7.74 -1.65 2.5
528+00 49105 5-yr 3336 975.54 5.96 974.08 7.93 -1.46 1.97
528+00 49105 10-yr 4375 977.46 6.23 976.22 7.74 -1.24 1.51
528+00 49105 50-yr 7239 981.61 6.93 980.99 7.64 -0.62 0.71
528+00 49105 100-yr 8721 983.11 7.4 982.55 7.99 -0.56 0.59
528+50 49078 Avg Annual 134 965.94 2.64 965.77 3.05 -0.17 0.41
528+50 49078 1-yr 1670 971.95 4.7 970.58 6.34 -1.37 1.64
528+50 49078 1.5-yr 1761 972.17 4.77 970.78 6.42 -1.39 1.65
528+50 49078 2-yr 2047 972.83 4.98 971.36 6.66 -1.47 1.68
528+50 49078 5-yr 3336 975.35 5.74 974.04 6.98 -1.31 1.24
528+50 49078 10-yr 4375 977.25 6.02 976.16 6.91 -1.09 0.89
528+50 49078 50-yr 7239 981.48 6.42 980.95 6.76 -0.53 0.34
528+50 49078 100-yr 8721 983 6.81 982.52 7.08 -0.48 0.27
529+00 49028 Avg Annual 134 965.81 2.06 965.66 2.4 -0.15 0.34
529+00 49028 1-yr 1670 971.83 4.3 970.54 5.65 -1.29 1.35
529+00 49028 1.5-yr 1761 972.05 4.37 970.74 5.74 -1.31 1.37
529+00 49028 2-yr 2047 972.7 4.59 971.32 5.99 -1.38 1.4
529+00 49028 5-yr 3336 975.22 5.33 973.97 6.48 -1.25 1.15
529+00 49028 10-yr 4375 977.1 5.67 976.08 6.5 -1.02 0.83
529+00 49028 50-yr 7239 981.33 6.3 980.83 6.6 -0.5 0.3
529+00 49028 100-yr 8721 982.85 6.72 982.39 6.95 -0.46 0.23
529+50 48978 Avg Annual 134 965.69 2.17 965.56 2.34 -0.13 0.17
529+50 48978 1-yr 1670 971.62 4.66 970.35 5.98 -1.27 1.32
529+50 48978 1.5-yr 1761 971.84 4.73 970.55 6.07 -1.29 1.34
529+50 48978 2-yr 2047 972.49 4.95 971.13 6.32 -1.36 1.37
529+50 48978 5-yr 3336 974.97 5.72 973.76 6.77 -1.21 1.05
529+50 48978 10-yr 4375 976.85 6.03 975.88 6.74 -0.97 0.71
529+50 48978 50-yr 7239 981.1 6.57 980.66 6.74 -0.44 0.17
529+50 48978 100-yr 8721 982.63 6.96 982.22 7.03 -0.41 0.07
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

530+00 48928 Avg Annual 134 965.65 1.68 965.52 1.81 -0.13 0.13
530+00 48928 1-yr 1670 971.54 3.83 970.37 4.86 -1.17 1.03
530+00 48928 1.5-yr 1761 971.76 3.88 970.57 4.93 -1.19 1.05
530+00 48928 2-yr 2047 972.41 4.06 971.17 5.11 -1.24 1.05
530+00 48928 5-yr 3336 974.93 4.69 973.81 5.51 -1.12 0.82
530+00 48928 10-yr 4375 976.82 4.99 975.92 5.55 -0.9 0.56
530+00 48928 50-yr 7239 981.11 5.58 980.69 5.63 -0.42 0.05
530+00 48928 100-yr 8721 982.64 5.97 982.25 5.93 -0.39 -0.04
530+50 48868 Avg Annual 134 965.61 1.54 965.5 1.63 -0.11 0.09
530+50 48868 1-yr 1670 971.39 3.9 970.24 5.07 -1.15 1.17
530+50 48868 1.5-yr 1761 971.62 3.96 970.44 5.14 -1.18 1.18
530+50 48868 2-yr 2047 972.27 4.14 971.03 5.34 -1.24 1.2
530+50 48868 5-yr 3336 974.78 4.76 973.67 5.75 -1.11 0.99
530+50 48868 10-yr 4375 976.69 5.01 975.78 5.76 -0.91 0.75
530+50 48868 50-yr 7239 981.01 5.45 980.55 5.9 -0.46 0.45
530+50 48868 100-yr 8721 982.56 5.75 982.11 6.22 -0.45 0.47
531+00 48828 Avg Annual 134 965.54 1.85 965.43 2.01 -0.11 0.16
531+00 48828 1-yr 1670 971.25 4.01 970.15 4.94 -1.1 0.93
531+00 48828 1.5-yr 1761 971.47 4.07 970.36 5 -1.11 0.93
531+00 48828 2-yr 2047 972.12 4.25 970.95 5.2 -1.17 0.95
531+00 48828 5-yr 3336 974.62 4.88 973.59 5.64 -1.03 0.76
531+00 48828 10-yr 4375 976.53 5.14 975.71 5.68 -0.82 0.54
531+00 48828 50-yr 7239 980.88 5.51 980.49 5.64 -0.39 0.13
531+00 48828 100-yr 8721 982.45 5.74 982.07 5.79 -0.38 0.05
531+50 48768 Avg Annual 134 965.31 3.02 965.17 3.34 -0.14 0.32
531+50 48768 1-yr 1670 971.07 4.28 969.93 5.58 -1.14 1.3
531+50 48768 1.5-yr 1761 971.28 4.34 970.13 5.63 -1.15 1.29
531+50 48768 2-yr 2047 971.93 4.51 970.74 5.8 -1.19 1.29
531+50 48768 5-yr 3336 974.43 5.13 973.4 6.09 -1.03 0.96
531+50 48768 10-yr 4375 976.34 5.38 975.54 6.03 -0.8 0.65
531+50 48768 50-yr 7239 980.7 5.84 980.35 5.75 -0.35 -0.09
531+50 48768 100-yr 8721 982.28 6.08 981.95 5.8 -0.33 -0.28
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

532+00 48733 Avg Annual 134 965.36 1 965.25 1.04 -0.11 0.04
532+00 48733 1-yr 1670 971.06 3.08 970.05 3.71 -1.01 0.63
532+00 48733 1.5-yr 1761 971.27 3.14 970.25 3.77 -1.02 0.63
532+00 48733 2-yr 2047 971.92 3.31 970.86 3.96 -1.06 0.65
532+00 48733 5-yr 3336 974.43 3.92 973.51 4.43 -0.92 0.51
532+00 48733 10-yr 4375 976.35 4.16 975.63 4.51 -0.72 0.35
532+00 48733 50-yr 7239 980.76 4.32 980.39 4.46 -0.37 0.14
532+00 48733 100-yr 8721 982.35 4.53 981.99 4.61 -0.36 0.08
532+50 48668 Avg Annual 134 965.28 2.01 965.2 1.74 -0.08 -0.27
532+50 48668 1-yr 1670 970.95 3.3 970.04 3.23 -0.91 -0.07
532+50 48668 1.5-yr 1761 971.17 3.35 970.25 3.27 -0.92 -0.08
532+50 48668 2-yr 2047 971.82 3.5 970.87 3.38 -0.95 -0.12
532+50 48668 5-yr 3336 974.33 3.98 973.53 3.66 -0.8 -0.32
532+50 48668 10-yr 4375 976.25 4.13 975.66 3.7 -0.59 -0.43
532+50 48668 50-yr 7239 980.66 4.39 980.39 3.89 -0.27 -0.5
532+50 48668 100-yr 8721 982.25 4.64 981.99 4.12 -0.26 -0.52
533+00 48633 Avg Annual 134 964.81 3.87 964.95 2.87 0.14 -1
533+00 48633 1-yr 1670 970.64 4.54 969.84 4.35 -0.8 -0.19
533+00 48633 1.5-yr 1761 970.85 4.59 970.05 4.4 -0.8 -0.19
533+00 48633 2-yr 2047 971.5 4.74 970.66 4.56 -0.84 -0.18
533+00 48633 5-yr 3336 973.96 5.34 973.29 4.92 -0.67 -0.42
533+00 48633 10-yr 4375 975.88 5.52 975.42 4.95 -0.46 -0.57
533+00 48633 50-yr 7239 980.3 5.87 980.15 5.15 -0.15 -0.72
533+00 48633 100-yr 8721 981.87 6.18 981.72 5.45 -0.15 -0.73
533+50 48568 Avg Annual 134 964.49 3.15 964.3 4.59 -0.19 1.44
533+50 48568 1-yr 1670 970.36 4.73 969.54 5.56 -0.82 0.83
533+50 48568 1.5-yr 1761 970.58 4.79 969.74 5.63 -0.84 0.84
533+50 48568 2-yr 2047 971.23 4.96 970.34 5.83 -0.89 0.87
533+50 48568 5-yr 3336 973.68 5.61 972.94 6.25 -0.74 0.64
533+50 48568 10-yr 4375 975.63 5.79 975.09 6.2 -0.54 0.41
533+50 48568 50-yr 7239 980.11 6.07 979.9 6 -0.21 -0.07
533+50 48568 100-yr 8721 981.7 6.31 981.48 6.22 -0.22 -0.09
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

534+00 48528 Avg Annual 134 964.51 1.49 964.48 1.23 -0.03 -0.26
534+00 48528 1-yr 1670 970.27 4.14 969.55 4.6 -0.72 0.46
534+00 48528 1.5-yr 1761 970.48 4.23 969.76 4.69 -0.72 0.46
534+00 48528 2-yr 2047 971.13 4.46 970.35 4.97 -0.78 0.51
534+00 48528 5-yr 3336 973.55 5.27 972.89 5.7 -0.66 0.43
534+00 48528 10-yr 4375 975.49 5.56 975.02 5.84 -0.47 0.28
534+00 48528 50-yr 7239 979.98 5.94 979.78 5.89 -0.2 -0.05
534+00 48528 100-yr 8721 981.57 6.2 981.37 6.09 -0.2 -0.11
534+50 48483 Avg Annual 134 964.48 1.47 964.45 1.48 -0.03 0.01
534+50 48483 1-yr 1670 970.14 4.42 969.41 5.03 -0.73 0.61
534+50 48483 1.5-yr 1761 970.35 4.51 969.61 5.12 -0.74 0.61
534+50 48483 2-yr 2047 970.98 4.77 970.19 5.41 -0.79 0.64
534+50 48483 5-yr 3336 973.35 5.67 972.69 6.16 -0.66 0.49
534+50 48483 10-yr 4375 975.29 5.96 974.83 6.24 -0.46 0.28
534+50 48483 50-yr 7239 979.81 6.32 979.6 6.07 -0.21 -0.25
534+50 48483 100-yr 8721 981.43 6.51 981.23 6.19 -0.2 -0.32
535+00 48423 Avg Annual 134 964.42 1.9 964.39 1.97 -0.03 0.07
535+00 48423 1-yr 1670 970 4.66 969.21 5.55 -0.79 0.89
535+00 48423 1.5-yr 1761 970.21 4.74 969.41 5.64 -0.8 0.9
535+00 48423 2-yr 2047 970.83 4.97 969.99 5.92 -0.84 0.95
535+00 48423 5-yr 3336 973.2 5.79 972.48 6.57 -0.72 0.78
535+00 48423 10-yr 4375 975.15 6.02 974.64 6.55 -0.51 0.53
535+00 48423 50-yr 7239 979.72 6.24 979.45 6.11 -0.27 -0.13
535+00 48423 100-yr 8721 981.35 6.37 981.11 6.14 -0.24 -0.23
535+50 48378 Avg Annual 134 964.29 2.52 964.2 3.04 -0.09 0.52
535+50 48378 1-yr 1670 969.78 5.07 968.97 6.07 -0.81 1
535+50 48378 1.5-yr 1761 969.98 5.15 969.17 6.14 -0.81 0.99
535+50 48378 2-yr 2047 970.61 5.36 969.76 6.37 -0.85 1.01
535+50 48378 5-yr 3336 972.95 6.17 972.27 6.9 -0.68 0.73
535+50 48378 10-yr 4375 974.93 6.35 974.46 6.79 -0.47 0.44
535+50 48378 50-yr 7239 979.56 6.46 979.21 6.71 -0.35 0.25
535+50 48378 100-yr 8721 981.19 6.59 980.86 6.86 -0.33 0.27
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

536+00 48328 Avg Annual 134 964.16 2.39 964.07 2.42 -0.09 0.03
536+00 48328 1-yr 1670 969.63 4.91 968.94 5.3 -0.69 0.39
536+00 48328 1.5-yr 1761 969.83 4.98 969.14 5.36 -0.69 0.38
536+00 48328 2-yr 2047 970.46 5.19 969.73 5.58 -0.73 0.39
536+00 48328 5-yr 3336 972.81 5.89 972.24 6.13 -0.57 0.24
536+00 48328 10-yr 4375 974.81 5.97 974.43 6.06 -0.38 0.09
536+00 48328 50-yr 7239 979.46 6.18 979.17 6.23 -0.29 0.05
536+00 48328 100-yr 8721 981.05 6.51 980.79 6.57 -0.26 0.06
536+50 48273 Avg Annual 134 964.12 1.61 964.04 1.71 -0.08 0.1
536+50 48273 1-yr 1670 969.55 4.3 968.88 4.87 -0.67 0.57
536+50 48273 1.5-yr 1761 969.76 4.38 969.09 4.95 -0.67 0.57
536+50 48273 2-yr 2047 970.38 4.61 969.68 5.2 -0.7 0.59
536+50 48273 5-yr 3336 972.7 5.44 972.16 5.88 -0.54 0.44
536+50 48273 10-yr 4375 974.7 5.66 974.33 5.92 -0.37 0.26
536+50 48273 50-yr 7239 979.41 5.78 979.12 5.95 -0.29 0.17
536+50 48273 100-yr 8721 981.03 5.94 980.78 6.11 -0.25 0.17
537+00 48228 Avg Annual 134 964.05 1.92 963.98 1.87 -0.07 -0.05
537+00 48228 1-yr 1670 969.37 4.72 968.7 5.34 -0.67 0.62
537+00 48228 1.5-yr 1761 969.57 4.8 968.9 5.43 -0.67 0.63
537+00 48228 2-yr 2047 970.17 5.05 969.48 5.7 -0.69 0.65
537+00 48228 5-yr 3336 972.46 5.88 971.92 6.42 -0.54 0.54
537+00 48228 10-yr 4375 974.48 5.99 974.11 6.35 -0.37 0.36
537+00 48228 50-yr 7239 979.26 5.94 978.97 6.2 -0.29 0.26
537+00 48228 100-yr 8721 980.89 6.07 980.64 6.32 -0.25 0.25
537+50 48178 Avg Annual 134 964.04 1.21 963.97 1.19 -0.07 -0.02
537+50 48178 1-yr 1670 969.34 4.1 968.71 4.53 -0.63 0.43
537+50 48178 1.5-yr 1761 969.54 4.19 968.91 4.62 -0.63 0.43
537+50 48178 2-yr 2047 970.15 4.44 969.49 4.9 -0.66 0.46
537+50 48178 5-yr 3336 972.42 5.38 971.89 5.69 -0.53 0.31
537+50 48178 10-yr 4375 974.43 5.67 974.06 5.75 -0.37 0.08
537+50 48178 50-yr 7239 979.18 6.02 978.92 5.91 -0.26 -0.11
537+50 48178 100-yr 8721 980.77 6.33 980.57 6.15 -0.2 -0.18
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

538+00 48128 Avg Annual 134 964.03 1.21 963.96 1.28 -0.07 0.07
538+00 48128 1-yr 1670 969.26 4.18 968.58 4.82 -0.68 0.64
538+00 48128 1.5-yr 1761 969.46 4.27 968.78 4.91 -0.68 0.64
538+00 48128 2-yr 2047 970.06 4.52 969.36 5.19 -0.7 0.67
538+00 48128 5-yr 3336 972.32 5.41 971.71 6.02 -0.61 0.61
538+00 48128 10-yr 4375 974.36 5.62 973.9 6.07 -0.46 0.45
538+00 48128 50-yr 7239 979.12 5.88 978.79 6.2 -0.33 0.32
538+00 48128 100-yr 8721 980.72 6.2 980.43 6.46 -0.29 0.26
538+50 48078 Avg Annual 134 964 1.31 963.92 1.61 -0.08 0.3
538+50 48078 1-yr 1670 969.19 3.99 968.43 5.17 -0.76 1.18
538+50 48078 1.5-yr 1761 969.38 4.07 968.63 5.26 -0.75 1.19
538+50 48078 2-yr 2047 969.98 4.31 969.2 5.54 -0.78 1.23
538+50 48078 5-yr 3336 972.24 5.12 971.52 6.34 -0.72 1.22
538+50 48078 10-yr 4375 974.29 5.22 973.75 6.32 -0.54 1.1
538+50 48078 50-yr 7239 979.07 5.39 978.65 6.37 -0.42 0.98
538+50 48078 100-yr 8721 980.66 5.7 980.27 6.7 -0.39 1
539+00 48023 Avg Annual 134 963.93 1.92 963.84 1.96 -0.09 0.04
539+00 48023 1-yr 1670 969.04 4.42 968.33 5.14 -0.71 0.72
539+00 48023 1.5-yr 1761 969.24 4.49 968.53 5.21 -0.71 0.72
539+00 48023 2-yr 2047 969.83 4.71 969.1 5.43 -0.73 0.72
539+00 48023 5-yr 3336 972.06 5.5 971.45 6.08 -0.61 0.58
539+00 48023 10-yr 4375 974.12 5.61 973.7 5.94 -0.42 0.33
539+00 48023 50-yr 7239 978.9 5.81 978.61 5.99 -0.29 0.18
539+00 48023 100-yr 8721 980.48 6.15 980.23 6.3 -0.25 0.15
539+50 47988 Avg Annual 134 963.79 2.29 963.68 2.57 -0.11 0.28
539+50 47988 1-yr 1670 968.96 4.22 968.24 4.94 -0.72 0.72
539+50 47988 1.5-yr 1761 969.16 4.27 968.45 4.97 -0.71 0.7
539+50 47988 2-yr 2047 969.77 4.42 969.04 5.09 -0.73 0.67
539+50 47988 5-yr 3336 972.02 5.01 971.43 5.49 -0.59 0.48
539+50 47988 10-yr 4375 974.1 5.06 973.7 5.32 -0.4 0.26
539+50 47988 50-yr 7239 978.91 5.29 978.63 5.41 -0.28 0.12
539+50 47988 100-yr 8721 980.49 5.59 980.26 5.68 -0.23 0.09
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

540+00 47923 Avg Annual 134 963.73 1.62 963.62 1.72 -0.11 0.1
540+00 47923 1-yr 1670 968.9 3.93 968.19 4.44 -0.71 0.51
540+00 47923 1.5-yr 1761 969.1 3.99 968.4 4.48 -0.7 0.49
540+00 47923 2-yr 2047 969.7 4.16 969 4.64 -0.7 0.48
540+00 47923 5-yr 3336 971.96 4.82 971.39 5.11 -0.57 0.29
540+00 47923 10-yr 4375 974.05 4.89 973.67 5.03 -0.38 0.14
540+00 47923 50-yr 7239 978.89 5.05 978.62 5.16 -0.27 0.11
540+00 47923 100-yr 8721 980.49 5.27 980.26 5.39 -0.23 0.12
540+50 47868 Avg Annual 134 963.62 2.18 963.54 2.04 -0.08 -0.14
540+50 47868 1-yr 1670 968.73 4.48 967.96 5.23 -0.77 0.75
540+50 47868 1.5-yr 1761 968.93 4.52 968.17 5.27 -0.76 0.75
540+50 47868 2-yr 2047 969.54 4.66 968.77 5.38 -0.77 0.72
540+50 47868 5-yr 3336 971.81 5.23 971.21 5.69 -0.6 0.46
540+50 47868 10-yr 4375 973.93 5.19 973.54 5.43 -0.39 0.24
540+50 47868 50-yr 7239 978.85 5.01 978.57 5.25 -0.28 0.24
540+50 47868 100-yr 8721 980.46 5.21 980.22 5.45 -0.24 0.24
540+75 47818 Avg Annual 134 963.56 1.93 963.5 1.95 -0.06 0.02
540+75 47818 1-yr 1670 968.66 4.45 967.92 5.05 -0.74 0.6
540+75 47818 1.5-yr 1761 968.86 4.52 968.13 5.11 -0.73 0.59
540+75 47818 2-yr 2047 969.45 4.73 968.72 5.29 -0.73 0.56
540+75 47818 5-yr 3336 971.68 5.51 971.11 5.89 -0.57 0.38
540+75 47818 10-yr 4375 973.79 5.63 973.43 5.82 -0.36 0.19
540+75 47818 50-yr 7239 978.62 6.02 978.37 6.12 -0.25 0.1
540+75 47818 100-yr 8721 980.19 6.39 979.97 6.51 -0.22 0.12
541+00 47773 Avg Annual 134 963.48 2.19 963.46 2.03 -0.02 -0.16
541+00 47773 1-yr 1670 968.4 5.22 967.84 5.16 -0.56 -0.06
541+00 47773 1.5-yr 1761 968.6 5.28 968.05 5.22 -0.55 -0.06
541+00 47773 2-yr 2047 969.2 5.42 968.66 5.37 -0.54 -0.05
541+00 47773 5-yr 3336 971.52 5.66 971.07 5.64 -0.45 -0.02
541+00 47773 10-yr 4375 973.71 5.4 973.44 5.23 -0.27 -0.17
541+00 47773 50-yr 7239 978.65 5.23 978.46 5.03 -0.19 -0.2
541+00 47773 100-yr 8721 980.25 5.38 980.1 5.19 -0.15 -0.19

O:\20125257.103\Phase2BOD_FIN\Ph2BOD_FIN_AppE_TblE-1.xls E-21 2/16/2005



Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

541+50 47718 Avg Annual 134 963.35 2.16 963.3 2.54 -0.05 0.38
541+50 47718 1-yr 1670 968.24 4.25 967.75 4.95 -0.49 0.7
541+50 47718 1.5-yr 1761 968.45 4.29 967.96 4.97 -0.49 0.68
541+50 47718 2-yr 2047 969.06 4.4 968.59 5.02 -0.47 0.62
541+50 47718 5-yr 3336 971.36 4.9 970.96 5.35 -0.4 0.45
541+50 47718 10-yr 4375 973.59 4.82 973.35 5.09 -0.24 0.27
541+50 47718 50-yr 7239 978.56 4.84 978.38 5.03 -0.18 0.19
541+50 47718 100-yr 8721 980.18 4.98 980.02 5.21 -0.16 0.23
542+00 47706 Avg Annual 134 962.98 3.26 963.04 2.85 0.06 -0.41
542+00 47706 1-yr 1670 967.92 4.67 967.64 4.86 -0.28 0.19
542+00 47706 1.5-yr 1761 968.13 4.7 967.85 4.88 -0.28 0.18
542+00 47706 2-yr 2047 968.75 4.79 968.49 4.94 -0.26 0.15
542+00 47706 5-yr 3336 971.09 5.2 970.86 5.31 -0.23 0.11
542+00 47706 10-yr 4375 973.4 4.99 973.26 5.03 -0.14 0.04
542+00 47706 50-yr 7239 978.43 4.94 978.32 4.98 -0.11 0.04
542+00 47706 100-yr 8721 980.06 5.06 979.96 5.14 -0.1 0.08
542+50 47694 Avg Annual 134 962.41 3.19 962.31 4.58 -0.1 1.39
542+50 47694 1-yr 1670 967.62 4.72 967.51 4.98 -0.11 0.26
542+50 47694 1.5-yr 1761 967.83 4.75 967.72 5 -0.11 0.25
542+50 47694 2-yr 2047 968.47 4.84 968.36 5.08 -0.11 0.24
542+50 47694 5-yr 3336 970.82 5.33 970.71 5.54 -0.11 0.21
542+50 47694 10-yr 4375 973.2 5.14 973.13 5.29 -0.07 0.15
542+50 47694 50-yr 7239 978.28 5.13 978.19 5.27 -0.09 0.14
542+50 47694 100-yr 8721 979.93 5.25 979.84 5.42 -0.09 0.17
542+60.13 47682 Avg Annual 134 962.41 2.44 962.35 2.7 -0.06 0.26
542+60.13 47682 1-yr 1670 967.57 4.68 967.51 4.77 -0.06 0.09
542+60.13 47682 1.5-yr 1761 967.78 4.73 967.72 4.81 -0.06 0.08
542+60.13 47682 2-yr 2047 968.42 4.88 968.36 4.97 -0.06 0.09
542+60.13 47682 5-yr 3336 970.73 5.61 970.66 5.68 -0.07 0.07
542+60.13 47682 10-yr 4375 973.08 5.59 973.05 5.62 -0.03 0.03
542+60.13 47682 50-yr 7239 978.1 5.98 978.03 6.03 -0.07 0.05
542+60.13 47682 100-yr 8721 979.7 6.33 979.63 6.43 -0.07 0.1
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Const Sta River Sta Profile Q (cfs) El. (ft.)  V (fps) El. (ft) V (fps) ∆ El MAX?? ∆ V (fps) MAX??

Table E-1

Summary of HEC-RAS Predictions for Changes in Water Surface Elevations for Phase 2 

Phase 2 DesignExistingStormStationing Change (Design - Existing)

542+87.68 47658 Avg Annual 134 962.34 2.07 962.28 2.18 -0.06 0.11
542+87.68 47658 1-yr 1670 967.52 4.51 967.49 4.53 -0.03 0.02
542+87.68 47658 1.5-yr 1761 967.73 4.6 967.7 4.62 -0.03 0.02
542+87.68 47658 2-yr 2047 968.36 4.88 968.32 4.9 -0.04 0.02
542+87.68 47658 5-yr 3336 970.57 6.07 970.53 6.09 -0.04 0.02
542+87.68 47658 10-yr 4375 972.86 6.38 972.85 6.39 -0.01 0.01
542+87.68 47658 50-yr 7239 977.73 7.33 977.69 7.36 -0.04 0.03
542+87.68 47658 100-yr 8721 979.37 7.51 979.34 7.55 -0.03 0.04

47630
543+40 47603 Avg Annual 134 962.15 1.81 962.15 1.83 0 0.02
543+40 47603 1-yr 1670 967.45 4.32 967.43 4.33 -0.02 0.01
543+40 47603 1.5-yr 1761 967.66 4.42 967.64 4.43 -0.02 0.01
543+40 47603 2-yr 2047 968.28 4.7 968.27 4.71 -0.01 0.01
543+40 47603 5-yr 3336 970.48 5.9 970.47 5.91 -0.01 0.01
543+40 47603 10-yr 4375 971.85 6.77 971.83 6.78 -0.02 0.01
543+40 47603 50-yr 7239 975.71 8.29 975.7 8.29 -0.01 0
543+40 47603 100-yr 8721 977.67 8.61 977.66 8.61 -0.01 0
543+43 47566 Avg Annual 134 962.03 2.42 962.03 2.42 0.00 0.00
543+43 47566 1-yr 1670 967.33 4.73 967.32 4.74 -0.01 0.01
543+43 47566 1.5-yr 1761 967.55 4.78 967.54 4.79 -0.01 0.01
543+43 47566 2-yr 2047 968.19 4.91 968.18 4.93 -0.01 0.02
543+43 47566 5-yr 3336 970.45 5.67 970.45 5.68 0.00 0.01
543+43 47566 10-yr 4375 971.86 6.27 971.85 6.28 -0.01 0.01
543+43 47566 50-yr 7239 975.85 7.15 975.85 7.16 0.00 0.01
543+43 47566 100-yr 8721 977.84 7.4 977.83 7.41 -0.01 0.01
543+50 47565 Avg Annual 134 962 2.41 962 2.48 0.00 0.07
543+50 47565 1-yr 1670 967.39 3.98 967.39 3.98 0.00 0.00
543+50 47565 1.5-yr 1761 967.61 4.04 967.6 4.03 -0.01 -0.01
543+50 47565 2-yr 2047 968.26 4.2 968.25 4.2 -0.01 0.00
543+50 47565 5-yr 3336 970.54 4.87 970.53 4.89 -0.01 0.02
543+50 47565 10-yr 4375 971.97 5.3 971.97 5.36 0.00 0.06
543+50 47565 50-yr 7239 976.02 5.71 976.03 5.82 0.01 0.11
543+50 47565 100-yr 8721 978.04 5.7 978.05 5.84 0.01 0.14

Dawes Avenue Bridge
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Figure E-1
Lyman St. Bridge to Elm St. Bridge

100 Yr Storm Event (8,721 CFS)
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Figure E-2
Lyman St. Bridge to Elm St. Bridge

100 Yr Storm Event (8,721 CFS) 
Design Condition Vs. Bank Elevations
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Figure E-3
Lyman St. Bridge to Elm St. Bridge

50 Yr Storm Event (7,239 CFS)
Existing Vs. Design

(Station 500+00 to Station 521+00)
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Figure E-4
Lyman St. Bridge to Elm St. Bridge

50 Yr Storm Event (7,239 CFS) 
Design Condition Vs. Bank Elevations

(Station 500+00 to Station 521+00)
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Figure E-5
Lyman St. Bridge to Elm St. Bridge

10 Yr Storm Event (4,375 CFS)
Existing Vs. Design
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Figure E-6
Lyman St. Bridge to Elm St. Bridge

10 Yr Storm Event (4,375 CFS) 
Design Condition Vs. Bank Elevations

(Station 500+00 to Station 521+00)
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Figure E-7
Lyman St. Bridge to Elm St. Bridge

5 Yr Storm Event (3,336 CFS)
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(Station 500+00 to Station 521+00)
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Figure E-8
Lyman St. Bridge to Elm St. Bridge

5 Yr Storm Event (3,336 CFS) 
Design Condition Vs. Bank Elevations
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Figure E-9
Elm St. Bridge to Dawes Ave. Bridge

100 Yr Storm Event (8,721 CFS)
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(Station 522+18 to Station 543+50)
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Figure E-10
Elm St. Bridge to Dawes Ave. Bridge

50 Yr Storm Event (7,239 CFS)
Existing Vs. Design

(Station 522+18 to Station 543+50)
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Figure E-11
Elm St. Bridge to Dawes Ave. Bridge

10 Yr Storm Event (4,375 CFS)
Existing Vs. Design

(Station 522+18 to Station 543+50)
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Figure E-12
Elm St. Bridge to Dawes Ave. Bridge

5 Yr Storm Event (3,336 CFS)
Existing Vs. Design

(Station 522+18 to Station 543+50)

970
971
972
973
974
975
976
977
978
979

52
0+

00

52
5+

00

53
0+

00

53
5+

00

54
0+

00

54
5+

00

Stations

El
ev

at
io

n 
(ft

)

Existing
Design

E
lm

 S
t.

D
aw

es
A



 

MK01|O:\20125257.103\PHASE2BOD_FIN\PH2BOD_FIN_BRKRS.DOC  2/16/2005 

APPENDIX F 
 

BED AND BANK PROTECTION ANALYSIS BACKUP 
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CHANLPRO PROGRAM INPUT AND OUTPUT FILES  
(STATION 514+00 TO STATION 517+00) 

- Bed Protection Run at Station 517+00 (Pittrans 1) 

- Bank Protection Run at Station 517+00 (Pittrans 6) 
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CHANLPRO PROGRAM INPUT AND OUTPUT FILES  
 (STATION 517+00 TO STATION 519+00) 

- Bed Protection Run at Station 518+00 (Pittrans 2) 

- Bank Protection Run at Station 518+00 (Pittrans 5) 
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CHANLPRO PROGRAM INPUT AND OUTPUT FILES 
(STATION 519+00 TO STATION 522+18 AT ELM STREET BRIDGE) 

- Bed Protection Run No. 1 at Station 522+18 (Pittrans 3) 

- Bed Protection Run No. 2 at Station 520+00 (Pittrans 4b) 

- Bank Protection Run at Station 520+00 (Pittrans 4) 
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CHANLPRO PROGRAM INPUT AND OUTPUT FILES 
(ELM STREET BRIDGE TO DAWES AVENUE BRIDGE) 
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APPENDIX G 
 

SUMMARY TABLES OF PROPOSED RIVERBANK GRADES AND 
STABILIZATION METHOD 



Table G-1 – Preliminary Assessment of Bank Restoration Options along West Bank With comments added by Woodlot Alternatives, Inc. 11-11-02 (in red)
Overall Slope

Slope 
Lengths (H)

Top Bank 
Elev. Length

Mid Bank 
Elev. Length

Bottom 
Bank

Slope 
Height in 

Feet

Average 
Slope,  

H/V
Slope 

Length H/V
Slope 

Length H/V
Slope 

Length

Proposed 
Restoration 

Method
Comments

514 + 00 48 981 971 10 4.80 49.03
515 + 00 32 980 20 972 12 970 10 3.20 2.50 21.54 6.00 12.17 VEGETATE
516 + 00 27 980 971 9 3.00 28.46 VEGETATE
517 + 00 32 982 7 980 25 970 12 2.67 3.50 7.28 2.50 26.93 VEGETATE
518 + 00 25 983 3 980 22 971 12 2.08 1.00 4.24 2.44 23.77 VEGETATE
519 + 00 37 982 971 11 3.36 38.60 VEGETATE
520 + 00 40 991 971 20 2.00 44.72 WALL
521 + 00 39 990 972 18 2.17 42.95 WALL
521 + 50 35.5 990 972 18 1.97 39.80 WALL
522 + 00 0.00 WALL Bridge
522 + 50 37.5 989 19 978 18.5 972 17 2.21 1.73 21.95 3.08 19.45 WALL
523 + 00 31.5 988 969.5 18.5 1.70 36.53 WALL
523 + 50 20 987 13.5 978.5 6.5 971 16 1.25 1.59 15.95 0.87 9.92 WALL
524 + 00 19 983 12.5 973.5 6.5 971 12 1.58 1.32 15.70 2.60 6.96 WALL
524 + 50 35.5 985.5 15.5 974 20 970 15.5 2.29 1.35 19.30 5.00 20.40 WALL
525 + 00 20 986.5 13 979.5 7 969.5 17 1.18 1.86 14.76 0.70 12.21 WALL
525 + 50 36 985.5 22.5 972.5 13.5 970.5 15 2.40 1.73 25.99 6.75 13.65 WALL
526 + 00 22.5 986.5 16 976.5 6.5 971 15.5 1.45 1.60 18.87 1.18 8.51 WALL
526 + 50 19.5 988 10 983 9.5 973.5 14.5 1.34 2.00 11.18 1.00 13.44 WALL
527 + 00 25.5 988 19 974.5 6.5 968 20 1.28 1.41 23.31 1.00 9.19 WALL
527 + 50 22 988.5 970 18.5 1.19 28.74 WALL
528 + 00 32.5 989 19.5 976.5 13 967 22 1.48 1.56 23.16 1.37 16.10 WALL
528 + 50 33 990 20 977.5 13 967.5 22.5 1.47 1.60 23.58 1.30 16.40 WALL
529 + 00 51 994.5 45 972 6 967 27.5 1.85 2.00 50.31 1.20 7.81 WALL
529 + 50 36 983 20 977.5 16 968 15 2.40 3.64 20.74 1.68 18.61 WALL
530 + 00 40 991.5 28 976 12 966.5 25 1.60 1.81 32.00 1.26 15.31 WALL
530 + 50 34.5 990 31 971 3.5 967 23 1.50 1.63 36.36 0.88 5.32 WALL
531 + 00 39 991 26.5 976.5 12.5 966 25 1.56 1.83 30.21 1.19 16.32 WALL
531 + 50 34 987 20 978 14 968.5 18.5 1.84 2.22 21.93 1.47 16.92 VEGETATE Very Steep, why not continue wall from 531+00?
532 + 00 30 974 17 967.5 13 966 8 3.75 2.62 18.20 8.67 13.09 VEGETATE
532 + 50 30.5 977.5 11 975.5 19.5 967.5 10 3.05 5.50 11.18 2.44 21.08 VEGETATE
533 + 00 37.5 980 15 976 22.5 970 10 3.75 3.75 15.52 3.75 23.29 VEGETATE
533 + 50 23 974 10 970 13 967.5 6.5 3.54 2.50 10.77 5.20 13.24 VEGETATE small slope at toe, 1.5H:1V, 2 ft high
534 + 00 25 976.5 19 969 6 965.5 11 2.27 2.53 20.43 1.71 6.95 NO ACTION
534 + 50 25 976.5 965 11.5 2.17 27.52 NO ACTION
535 + 00 25 977 19 969 6 965 12 2.08 2.38 20.62 1.50 7.21 NO ACTION
535 + 50 16.5 975 10 972 6.5 967 8 2.06 3.33 10.44 1.30 8.20 NO ACTION
536 + 00 21.5 974 12.5 970 9 965 9 2.39 3.13 13.12 1.80 10.30 NO ACTION
536 + 50 15.5 973 965.5 7.5 2.07 17.22 NO ACTION
537 + 00 16 973 965 8 2.00 17.89 NO ACTION
537 + 50 22 973.5 15.5 970 6.5 964 9.5 2.32 4.43 15.89 1.08 8.85 NO ACTION
538 + 00 22 973 16 970 6 963 10 2.20 5.33 16.28 0.86 9.22 NO ACTION
538 + 50 23 974 16.5 970.5 6.5 966 8 2.88 4.71 16.87 1.44 7.91 NO ACTION
539 + 00 29 981 19.5 971 9.5 963.5 17.5 1.66 1.95 21.91 1.27 12.10 WALL / RIPRAP
539 + 50 16.5 977 13.5 968.5 3 965.5 11.5 1.43 1.59 15.95 1.00 4.24 WALL / RIPRAP
540 + 00 19 973 16 968.5 3 962.5 10.5 1.81 3.56 16.62 0.50 6.71 WALL / RIPRAP

Upper Lower

Station
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Table G-1 – Preliminary Assessment of Bank Restoration Options along West Bank With comments added by Woodlot Alternatives, Inc. 11-11-02 (in red)
Overall Slope

Slope 
Lengths (H)

Top Bank 
Elev. Length

Mid Bank 
Elev. Length

Bottom 
Bank

Slope 
Height in 

Feet

Average 
Slope,  

H/V
Slope 

Length H/V
Slope 

Length H/V
Slope 

Length

Proposed 
Restoration 

Method
Comments

Upper Lower

Station
540 + 50 12.5 973.5 9.5 970.5 3 963 10.5 1.19 3.17 9.96 0.40 8.08 WALL / RIPRAP
541 + 00 45 980 42 968 3 964.5 15.5 2.90 3.50 43.68 0.86 4.61 VEGETATE
541 + 50 36 979.5 16.5 968.5 19.5 965.5 14 2.57 1.50 19.83 6.50 19.73 VEGETATE May have to flatten upper slope to revegetate
542 + 00 29 977 16 968.5 13 966 11 2.64 1.88 18.12 5.20 13.24 VEGETATE May have to flatten upper slope to revegetate
542 + 50 25.5 976.5 16 967.5 9.5 966.5 10 2.55 1.78 18.36 9.50 9.55 WALL
543 + 00 6.5 970.5 962.5 8 0.81 10.31 WALL Dawes Ave./Convenience Store
543 + 50 WALL Dawes Ave. bridge
544 + 00 19.5 972.5 962 10.5 1.86 22.15 WALL
544 + 50 13.5 971 6.5 968 7 963 8 1.69 2.17 7.16 1.40 8.60 WALL
545 + 00 6 969 963 6 1.00 8.49 WALL
545 + 50 13 969 9.5 965.5 3.5 962.5 6.5 2.00 2.71 10.12 1.17 4.61 VEGETATE
546 + 00 16 968.5 9.5 967.5 6.5 963 5.5 2.91 9.50 9.55 1.44 7.91 VEGETATE
546 + 50 15 968 964 4 3.75 15.52 VEGETATE
547 + 00 9.5 968 6.5 966 3 963.5 4.5 2.11 3.25 6.80 1.20 3.91 VEGETATE
547 + 50 16.5 967 960.5 6.5 2.54 17.73 VEGETATE
548 + 00 9 966 963 3 3.00 9.49 VEGETATE
548 + 50 6 966.5 963 3.5 1.71 6.95 VEGETATE Short, steep section of reveg: likely OK
549 + 00 23 968 7 962.5 16 959 9 2.56 1.27 8.90 4.57 16.38 VEGETATE
549 + 50 9.5 968 963.5 4.5 2.11 10.51 WALL
550 + 00 3.5 973 964 9 0.39 9.66 WALL
550 + 50 6.5 973.5 965.5 8 0.81 10.31 WALL
551 + 00 6.5 974 3.5 966 3 963.5 10.5 0.62 0.44 8.73 1.20 3.91 WALL
551 + 50 12.5 974.5 6 973 6.5 962 12.5 1.00 4.00 6.18 0.59 12.78 WALL
552 + 00 13 974 6.5 970.5 6.5 963 11 1.18 1.86 7.38 0.87 9.92 WALL
552 + 50 9.5 972 964 8 1.19 12.42 WALL
553 + 00 13 970 6.5 968 6.5 961 9 1.44 3.25 6.80 0.93 9.55 VEGETATE Slope will need to be re-graded for revegetation
553 + 50 19 968 9.5 967 9.5 959.5 8.5 2.24 9.50 9.55 1.27 12.10 VEGETATE
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Table G-2 – Preliminary Assessment of Bank Restoration Options along East Bank With comments added by Woodlot Alternatives, Inc. 11-11-02 (in red)
Overall Slope

Slope 
Lengths (H) Top Bank

Upper 
Slope 

Length 
(H) Mid Point

Lower 
Slope 

Length 
(H)

Bottom 
Bank

Slope 
Height in 

Feet

Average 
Slope,  

H/V
Slope 

Length H/V
Slope 

Length H/V
Slope 

Length

Proposed 
Restoration 

Method
Comments

514 + 00 17 984 13 975 4 971 13 1.31 21.47 1.44 15.81 1.00 5.66 WALL
515 + 00 16 985 11 975 5 972 13 1.23 20.70 1.10 14.87 1.67 5.83 WALL
516 + 00 22 987 971 16 1.38 27.20 WALL
517 + 00 23 990 971 19 1.21 29.83 WALL
518 + 00 27 988 23 975 4 971 17 1.59 1.77 26.42 1.00 5.66 WALL
519 + 00 32 986 14 983 18 972 14 2.29 4.67 14.32 1.64 21.10 WALL
520 + 00 28 986 971 15 1.87 31.76 WALL
521 + 00 30 988 971 17 1.76 34.48 WALL
521 + 50 26 989 971 18 1.44 31.62 WALL
522 + 00 WALL Bridge
522 + 50 6 989.5 3 979 3 973 16.5 0.36 0.29 10.92 0.50 6.71 WALL
523 + 00 13 988 6.5 985 6.5 972 16 0.81 2.17 7.16 0.50 14.53 WALL
523 + 50 19 984.5 9.5 976 9.5 971.5 13 1.46 1.12 12.75 2.11 10.51 WALL
524 + 00 19.5 984 13 978 6.5 971 13 1.50 2.17 14.32 0.93 9.55 WALL
524 + 50 19 984 12.5 972.5 6.5 970.5 13.5 1.41 1.09 16.99 3.25 6.80 WALL
525 + 00 33 984 6 976 27 968 16 2.06 0.75 10.00 3.38 28.16 WALL
525 + 50 16.5 985 6.5 978 10 971.5 13.5 1.22 0.93 9.55 1.54 11.93 WALL
526 + 00 26 986.5 12 979.5 14 971.5 15 1.73 1.71 13.89 1.75 16.12 WALL
526 + 50 29 986.5 968 18.5 1.57 34.40 WALL
527 + 00 28.5 986 967 19 1.50 34.25 WALL
527 + 50 29.5 985 24 972 5.5 967.5 17.5 1.69 1.85 27.29 1.22 7.11 WALL
528 + 00 32 984.5 967 17.5 1.83 36.47 WALL
528 + 50 31.5 985 968 17 1.85 35.79 WALL
529 + 00 33 984 9.5 979.5 23.5 966 18 1.83 2.11 10.51 1.74 27.10 VEGETATE Short steep section, but reveg probably OK
529 + 50 51 992 35 976.5 16 967 25 2.04 2.26 38.28 1.68 18.61 VEGETATE
530 + 00 29.5 982 22.5 974.5 7 969.5 12.5 2.36 3.00 23.72 1.40 8.60 VEGETATE
530 + 50 20 978.5 970 8.5 2.35 21.73 VEGETATE
531 + 00 19.5 976 966.5 9.5 2.05 21.69 VEGETATE
531 + 50 9.5 975 968 7 1.36 11.80 VEGETATE Short, steep section, flatten slope to revegetate ?
532 + 00 13 975 965 10 1.30 16.40 VEGETATE Short, steep section, flatten slope to revegetate ?
532 + 50 47 984 966.5 17.5 2.69 50.15 VEGETATE
533 + 00 44 987 34 977.5 10 966 21 2.10 3.58 35.30 0.87 15.24 WALL
533 + 50 36 988 26 981 10 969.5 18.5 1.95 3.71 26.93 0.87 15.24 WALL
534 + 00 38 988 31.5 971.5 6.5 965 23 1.65 1.91 35.56 1.00 9.19 WALL
534 + 50 38 987 32 971 6 964.5 22.5 1.69 2.00 35.78 0.92 8.85 WALL
535 + 00 38 987.5 31.5 972 6.5 965 22.5 1.69 2.03 35.11 0.93 9.55 VEGETATE Bank appears flatter than 1.69:1, but reveg OK
535 + 50 41.5 984 964.5 19.5 2.13 45.85 VEGETATE
536 + 00 41 984.5 963 21.5 1.91 46.30 VEGETATE
536 + 50 32.5 983 29.5 968.5 3 966 17 1.91 2.03 32.87 1.20 3.91 VEGETATE
537 + 00 32.5 983 965.5 17.5 1.86 36.91 WALL
537 + 50 32 983.5 13 980 19 965.5 18 1.78 3.71 13.46 1.31 23.90 WALL
538 + 00 32 983.5 13 980 19 965.5 18 1.78 3.71 13.46 1.31 23.90 WALL
538 + 50 22.5 981 13 973.5 9.5 966.5 14.5 1.55 1.73 15.01 1.36 11.80 WALL
539 + 00 35 979.5 16 970.5 19 963 16.5 2.12 1.78 18.36 2.53 20.43 VEGETATE
539 + 50 29.5 980 16.5 969 13 967 13 2.27 1.50 19.83 6.50 13.15 VEGETATE

Station

Upper Lower
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Table G-2 – Preliminary Assessment of Bank Restoration Options along East Bank With comments added by Woodlot Alternatives, Inc. 11-11-02 (in red)
Overall Slope

Slope 
Lengths (H) Top Bank

Upper 
Slope 

Length 
(H) Mid Point

Lower 
Slope 

Length 
(H)

Bottom 
Bank

Slope 
Height in 

Feet

Average 
Slope,  

H/V
Slope 

Length H/V
Slope 

Length H/V
Slope 

Length

Proposed 
Restoration 

Method
Comments

Station

Upper Lower

540 + 00 32.5 978 16 969 16.5 966 12 2.71 1.78 18.36 5.50 16.77 VEGETATE
540 + 50 31.5 977.5 16 968 15.5 965 12.5 2.52 1.68 18.61 5.17 15.79 VEGETATE
541 + 00 30 977 962.5 14.5 2.07 33.32 VEGETATE
541 + 50 29.5 977 13 974 16.5 964 13 2.27 4.33 13.34 1.65 19.29 WALL Why Wall here? Slopes appear flatter than 541+00
542 + 00 33 977 964 13 2.54 35.47 WALL Why Wall here? Slopes appear flatter than 541+00
542 + 50 19 975.5 13 969 6 964 11.5 1.65 2.00 14.53 1.20 7.81 WALL
543 + 00 3 966.5 963 3.5 0.86 4.61 WALL Dawes Ave. Bridge
543 + 50 13 976 10 971 3 963 13 1.00 2.00 11.18 0.38 8.54 WALL
544 + 00 19.5 973 963.5 9.5 2.05 21.69 WALL Possibly revegetate instead?
544 + 50 20 974 13 968 7 963 11 1.82 2.17 14.32 1.40 8.60 WALL Possibly revegetate instead?
545 + 00 23 972.5 16.5 966 6.5 962 10.5 2.19 2.54 17.73 1.63 7.63 VEGETATE
545 + 50 16.5 972 962 10 1.65 19.29 VEGETATE
546 + 00 13 969 6.5 967.5 6.5 963 6 2.17 4.33 6.67 1.44 7.91 VEGETATE
546 + 50 12.5 968 9.5 965 3 961.5 6.5 1.92 3.17 9.96 0.86 4.61 VEGETATE
547 + 00 20 969 13 968 7 961 8 2.50 13.00 13.04 1.00 9.90 VEGETATE
547 + 50 6.5 968 961.5 6.5 1.00 9.19 VEGETATE
548 + 00 16 967.5 9.5 966 6.5 962.5 5 3.20 6.33 9.62 1.86 7.38 VEGETATE
548 + 50 16.5 967.5 10 966 6.5 962 5.5 3.00 6.67 10.11 1.63 7.63 VEGETATE
549 + 00 22 966.5 16 964 6 961.5 5 4.40 6.40 16.19 2.40 6.50 VEGETATE
549 + 50 26 967 23 965 3 962.5 4.5 5.78 11.50 23.09 1.20 3.91 VEGETATE
550 + 00 16 966 960.5 5.5 2.91 16.92 VEGETATE
550 + 50 13 967.5 10 965 3 962.5 5 2.60 4.00 10.31 1.20 3.91 VEGETATE
551 + 00 10 966.5 7 964.5 3 961.5 5 2.00 3.50 7.28 1.00 4.24 VEGETATE
551 + 50 6.5 967 3.5 966.5 3 962.5 4.5 1.44 7.00 3.54 0.75 5.00 VEGETATE
552 + 00 23 972 19.5 965.5 3.5 961.5 10.5 2.19 3.00 20.55 0.88 5.32 VEGETATE
552 + 50 19 973 16 966.5 3 962.5 10.5 1.81 2.46 17.27 0.75 5.00 VEGETATE
553 + 00 23 973.5 16.5 967 6.5 960.5 13 1.77 2.54 17.73 1.00 9.19 VEGETATE
553 + 50 29 973.5 22.5 965 6.5 960.5 13 2.23 2.65 24.05 1.44 7.91 VEGETATE
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APPENDIX H 
 

PLAN VIEW OF PROPOSED RIVERBED AND RIVERBANK 
RESTORATION DESIGN 
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APPENDIX I 
 

EXISTING AQUATIC HABITAT 
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APPENDIX J 
 

PROPOSED AQUATIC HABITAT STRUCTURE DETAILS  
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Single Wing Deflector Calculations 
[Woodlot Alternatives Inc., 10/28/02] 

 
 
                                                                                                                           
                                                                                     Flow           
                          45°           
                                                 
                                                                          
            (L )        deflector 
                                           
 
 
 
river              
bank                               DW    
 
 
                                                                                 
                                                                         CW      
 
              = Boulders.           For proposed rock sizes see detail. 
 
(1) Effective deflector width (DW ) = 0.3 * Low-flow channel width (CW )    
[0.3 was used to limit backwater effects while meeting restoration objectives (Fischenich 
(2001a)]. 
 
(2) Deflector width and length: 
 
@ STA 540+20     Average CW = 50.0 ft                DW ~  15 ft 
         Deflector length (L) = (15 ft – 3 ft) * 2= ~ 25 ft 
 
@ STA 546+50       Average CW = 43.0 ft               DW  ~  13 ft 
         Deflector length (L) = (13 ft – 3 ft) * 2 = ~ 20 ft 
 
@ STA 552+10       Average CW = 48.0 ft               DW  ~  14 ft 
         Deflector length (L) = (14 ft – 3 ft) * 2 = ~ 22 ft 
 
To simplify the construction process assume dimensions for all deflectors are:  
 

DW= 15 ft and L=25 ft. 
 
[Low-flow channel widths determined from field measurements (Woodlot Alternatives 
(2000)]    
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APPENDIX K 
 

BOULDER STABILITY CALCULATIONS 
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BOULDER STABILITY ASSESSMENT 
[Woodlot Alternatives, Inc (11/14/02)] 

The boulder stability assessment was performed 10 ‘reaches’ of the Housatonic River 
within the limits of the Phase II section of the project. Within each of the 10 reaches the 
maximum calculated shear stress for all of the events evaluated in the HEC-RAS 
hydraulic model was used to assess boulder stability. All boulder stability assessments 
were evaluated using values of sheer stress for the main channel. 

(1) The Phase II reach of the Housatonic River was partitioned into 10 sub-reaches.  

The limits of these sub-reaches were determined based upon the results of the 
HEC-RAS study and observations made during field visits. The reach partition 
limits are shown in  

(2) HEC-RAS Results (Weston Solutions 10/02). 

The maximum calculated shear stress for all of the hydrologic events analyzed 
within the ‘channel’ section of the HEC-RAS model was obtained for each of the 
10 sub-reaches. These values are tabulated in Table 1 along with values obtained 
by multiplying the calculated average channel shear stress by a factor of two to 
account for variations between average channel shear stress and the maximum 
shear stress at the given cross section. 

(3) Moment Stability Analysis (Fischenich and Seal, 2000). 

A moment stability analysis was performed based upon guidelines presented in 
Fischenich and Seal (2000). This analysis was performed assuming a boulder unit 
weight of 165 pounds-per-cubic-foot (typical value), a boulder particle angle of 
repose of 42 degrees (Fischenich and Seal, 2000), a bed slope of 0.0 degrees, an 
across-bed slope of 10-degrees, and secondary current angle-of-attack of 15 
degrees. The latter three values are typical values representative of actual 
conditions on the Phase II Reach of the Housatonic River. Using the 
aforementioned guidelines and variables, stable spherical boulder sizes were 
calculated for safety factors (SF) of 1.0 and 2.0. The resultant boulder sizes are 
presented in Table 1. The boulder sizes calculated using the maximum shear 
stress and an SF of 1.0 could be considered representative of marginally stable 
boulders within each reach. Boulder sizes calculated with a shear stress of 2 times 
the maximum value determined in the HEC-RAS model and a SF of 2 should 
stable for the hydrologic events assessed when placed in the channel. 
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Table 1 

Reach Limits Shear Stress (lb/sf) Stable Boulder Sizes (inches) 

SF=1.0 SF=2.0 
Begin End Description 

Max Shear 

Stress 

Max Shear 

Stress x 2 Max Shear Max Shear Max Shear Max Shear 

514+00 519+50 Transition, 1 0.53 1.1 1.4 2.9 3.3 6.6

520+00 521+53 Transition, 2 1.6 3.3 4.5 8.9 10 20 

522+18 523+63 Below Elm Str. 6.1 12 17 33 38 76 

524+13 533+73 - 2.9 5.8 7.8 16 18 36 

534+18 543+03 - 1.1 2.3 3.1 6.1 7.0 14 

543+01 548+50 Below Dawes 1.7 3.3 4.5 9.1 10 21 

549+00 550+00 Bend 0.87 1.7 2.4 4.7 5.4 11 

549+60 550+50 DS of Bend 1.1 2.2 3.0 6.1 6.9 14 

552+00 554+00 Straight 0.76 1.5 2.1 4.1 4.7 9.4 
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